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DESCRIPTION OP A NEW SPECIES OF 
COCCOPHAGUS RECENTLY INTRODUCED 
INTO CALIFORNIA* 

BY 

HABOLD CX)MPEBE 


Coccophagus g%rneyi n. sp. is one of five species of beneficial 
insects recently introduced from New South Wales into California 
to aid in controlling the citrophilus mealybug, Pseudococcus gahani 
Green. This parasite is rapidly becoming abundant in certain 
orchards of Orange and Los Angeles counties where it was first 
colonized. 


Coccophagus gumeyi n. sp. 

Figures 1-2 

Coocophagris sp. Compere, Qklifomia Citrograpii, vol. 13, no. 9, pp. 318, 
346-349, July 1928. 

A medium sized species, predominantly black with yellow legs and 
a conspicuous band of yellow' across the basal part of the abdomen. 
Structurally not greatly unlike Coccophagus lecanii (Fitch). In 
coloration suggestive of Coccophagus cingvliventris Girault from 
which it is readily distinguished by structural differences. 

Female — 

General color shining black. Basal one-third, or so, of the abdomen 
orange to yellow. Prontovertex brownish to blackish with a pattern 
of orange, brown, or yellow lines. Pace, cheeks, and mouth parts 
usually yellow. Sometimes face and cheeks brownish. Tips of man- 
dibles brown. Antennal scape yellow, flagellum yellow with dark 
sensoria. Parapsides sometimes more or less suffused with brownish 
yellow. Tegulae and sclerites in proximity to insertion of fore wings 
more or less suffused with brownish yellow or orange. Legs mostly 
pale lemon yellow, the tibiae and tarsi faintly brownish, apical tarsal 
joints dusky. 

Pedicel about one and one-half times as l(mg as wide and about 
one-half as l<mg as the first funicle joint. First funicle joint plainly 
the longest, more than twice as long as wide. All funicle joints suc- 
cessively decrease in length and increase in width so that the third 

♦ No, 198, ITnivowity of California, Graduate School of Tropical Agri 
enhnfe and 'Otras Experiment Station, Bivereide, Calif omla. 
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joint iH about one and one-half times as long as wide. Club about as 
long as the preceding two funicle joints combined and slightly but 
plainly wider than the distal funicle joint. Antenna and details of 
sensoria as in fig. 2c. 

Mandibles as in fig. 2d. 

Fore wings hyaline or nearly so. Cilia of disk moderately dense. 
A well defined hairless streak beneath the marginal vein separated 
by four or five irregular rows of cilia from ap upbending hairless 
streak extending from the base of wing along the i)osterior margin. 
Marginal fringe short. Marginal vein slightly but appreciably 



1. Coccophayus yurneyi n. sp. Female. 


shorter than the submarginal vein. Postmarginal vein indistinct but 
apparently- produced forward about as far as the stigmal vein. Detail 
of venation as showm in fig. 26. 

Scutellum slightly wider than long (6:5) and not quite so long 
as the mes(xscutum (10:13). Abdomen about as long and as wide as 
the thorax. General proportions of the head, thorax, and abdomen 
as shown in figure 1. 

Frontovertex with numerous short, moderately coarse, black setae, 
those on the face and cheeks finer and pale. Eyes plainly pubescent. 
Mesoscutum furnished with more or less scattered,, short, black setae, 
those along the parapsidal and seutellar sutures plainly stronger. 
The posterior median pair of setae on the mesoscutum about as large 
as the setae on the axillae. Each parapsis with four black setae. 
Each axilla with two strong black setae. Scutellum with three pairs 
of large black setae, the anterior pair closest together, the posterior 
pair only a trifle larger than the median and anterior pairs. Setae 
on the sides of the basal abdominal segment very fine and pale. Sec- 
ond, third, and fourth tergites each with a broadly interrupted row 


1929] Compere: New Species of Coccophagiis in California 


3 


of black setae somewhat finer than those on the mesoscutum. Fifth 
and sixth tergites each with a complete row of setae. Seventh tergite 
with scattered setae. Apex of fore and middle femora with a pale seta 
at apex beneath. Middle tibial spur about two-thirds as long as the 
basitarsus. 

Measurements in mm. as follows: Length of average size specimen 
1.04. Scape .16 long by .0328 wide. Pedicel .0496 long by .0384 
wide. First funicle joint .09 long by .0384 wide. Second funicle 
joint .0776 long by .0392 wide. Third funicle joint .0688 long by 
.0432 wide. First club joint .0616 long by .0480 wide. Second club 
joint .0472 Jong by .0464 wide. Third club joint .0456 long by .0312 
wide. Marginal vein .26 long. Submarginal vein .28 long. 



Fig. 2. Coccophagv^ gwneyi ii. sp. male antenna; 6, stigma female; r, 
female antenna; d, mandible; r, newly laid egg; partly grown larva. 


Male — 

Abdomen shining black. Thorax black except for the parapsides 
which are orange or brownish yellow and blotched with blackish on 
the expanded part. Face, cheeks, and scape lemon yellow. Flagellum 
brownish. Middle and hind coxae mostly, if not completely, black. 
Hind tibiae dusky, fore and middle tibiae and all tarsi slightly brown- 
ish. Remainder of legs lemon yellow. 

Antenna as in fig. 2u. 

Described from 50 females and 10 males {liolotype female, allo- 
type, and paratypes) propagated on Pseudococcus gahani Green in 
the insectary of the Citrus Experiment Station at Riverside, Califor- 
nia, July 24, 1928. Types to be deposited in the United States 
National Museum. The parent stock was obtained by the author at 
Sydney, New South Wales, where specimens were reared from Pseudo- 
coccA^ gahani Green, Pseudococcus longispinus (Targ.), and from 
two undetermined -mealybugs. This is the first species of Coeco- 
phagus recorded as parasitic on mealybug. A detailed report on the 
biology and life-history of this parasite is in ])reparation. Figures 
2e, f, represent a newly laid egg and a partly grown larva. 




THREE NEW SPECIES OF THE HYMENOPTEROUS 
FAMILY ENCYRTIDAE FROM NEW 
SOUTH WALES* 


BY 

P. H. TIMBERLAKE 


The three species here considered w^ere discovered by Mr. Harold 
Compere at Sydney, New South Wales, during his search for parasites 
of the citrophilus mealybug, Pseudococcus gahani Green. Tetrae^ 
nemus pretiosus and Anusoidea compcrei were definitely reared from 
this mealybug, and the former species is now being propagated and 
colonized in large numbers in California. The third species, Anar- 
hopus sydneyensisf was not reared from a definite host, but a caji- 
tured specimen oviposited freely in lioth Pseudococcus gahani Green 
and Pseudococcus longispinus (Targ.) without progeny resulting. Its 
exact host relationship therefore remains uncertain. 

The types of the species herewith described are deposited in the 
United States National Museum, and the paratypes, except as other- 
wise noted, are in the collection of the (fitrus Experiment Station. 

Tetracnemus pretiosus n. sp. 

Figures 1 and 2 

The insect here recognized as belonging to Westwood ^s genus agrees 
closely with original description and figure. The most important dis- 
crepancy is that the axillae are only slightly separated. The original 
description does not consider this structure, but the figure shows the 
axillae widely separated. There is a possibility, therefore, that the 
figure overstresses this condition. Until it can be shown that West- 
wood’s insect has the axillae widely separated, it would he better to 
place the species here described in the same genus; there is even con- 
siderable doubt whether the difference in the degree of separation of 
the axillae should be considered a good generic distinction without 
other supporting characters. 

* Paper No. 202, University of California, Graduate School of Tropical Agri- 
culture and Citrus Experiment Station, Bm*rside, California. 
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The male of T. pretiosus has the antennal funicle five- jointed, with 
a long branch on each of the first four joints. The first branch, how- 
ever, has the appearance of being articulated to the outer apex of the 
base of the joint. If this is actually the case, it indicates that the 
first branch is actually the remnant of the second joint of the originally 
six- jointed funicle, and that the branch, being relatively important, 
has been preserved, while the basal part of the joint has been prac- 
tically eliminated by reduction or fusion with the first joint. In the 
female there are definitely only five funicle joints. 

The female of T. pretiosus agrees generically in many ways with 
Girault’s genus Arhopoideus (Memoirs Queensland Museum, vol. 4, 
p. 174, 1915) > but the head is not longer than wide, the cheeks and 
scrobes are not especially long, the club is much shorter and only a 
little wider than the funicle, and the abdomen, at least in contracted 
condition, is shorter than the rest of the body. Inasmuch as the male 
of Arhopoideus is unknown, it is inadvisable to go farther than to 
point out the similarity of the genus to Tetracnemus. 

T. pretiosus is very close to a species of Tetracnemus from New 
Zealand, that was named in manuscript by Di*. L. 0. Howard years 
ago. The male of the New Zealand insect differs from T. pretiosus 
apparently only in having the reticulations of the scutellum a little 
coarser, or about the size of those of the meso^utum. The female, how- 
ever, differs from the same sex of T. pretiosus^ not only in the same 
way, but also in having the scutellum brassy green and the mesopleura 
brown or yellowish brown instead of purple, the scape nearly all 
yellow, the wings uniformly clear, etc. Adopting Howard’s manu- 
script name for the New Zealand insect, it may be called Tetracnemus 
brounii n. sp.^ 

Female — 

Head submenisciform, barely wider than long as seen from in 
front, widest at lower third of eyes, above that point being broadly 
rounded and below converging to the rather broad oral margin; as 
seen from side appearing moderately thick fronto-occipitally, thickest 
through the middle and with the curvature of anterior surface nearly 
uniform or only slightly less on lower half. Occiput moderately con- 
cave, with the neck inserted near the center. Eyes very slightly 
longer than wide, nearly circular, touching the occipital margin poste- 
riorly and slightly protuberant at lower end in frontal view of head. 

1 The types of Tetracnemus brounii are 5 females and 2 males (holotype 
allotype and para types) reared from an undetermined species of Fseudoooocm, at 
Nelson, New Zealand, by Mr. E. S. Gourlay. The holotype and allotype will be 
deposited in the U. S. Natioij||Ll Museum, and the paratypes returned to Mr. Gourlay. 
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Pronto vertex a little wider than lon^, almost one-half as wide as head, 
with the inner orbits of eyes strongly diver^ng posteriorly and the 
occipital margin acute. Ocelli large, arranged in an obtuse angle, and 
with the posterior pair about their own diameter from the eye margins 
and less than half their own diameter from the occipital margin. 
Cheeks rather broad and almost as long as one-half the lengt^h of 
head, or almost equaling the diameter of eyes; genal suture absent. 
Pace slightly inflexed and with a rather deep common scrobal cavity, 
which is slightly narrowed above, reaches a little above the middle 
of head and lower third of eyes, and is divided in the lower half by a 
low triangular convex area, with a groove on each side leading to the 
antennal socket. Antennae inserted moderately close together and 
very near the oral margin, with the sockets oval and distinctly less 
than their own length apart. Antennae ten-jointed, with a five- 
jointed fimicle and with the flagellum somewhat clavate-cylindrical. 



Fig. 1. Tetracnemus pn'tiosus n, sp. Antenna of female. 


Scape very slender, moderately long, and surpassing the scrobal 
cavity by about one-fifth of its own length. Pedicel about thrice as 
long as thick, distinctly stouter and slightly longer than the following 
joint. Punicle joints increasing slightly in thickness distad ; first joint 
about thrice as long as thick, the second and fourth about twice as 
long as thick, the fifth slightly less than twice as long as thick, and 
the third distinctly the smallest joint and about one-half longer than 
thick. Club elongate-oval, evenlj^ rounded at apex, distinctly but not 
greatly wider than funicle and about equaling the combined length of 
the three preceding joints ; its first joint longer than wide and longer 
than the preceding joint, the second as long as wide, and the third still 
shorter. Plagellum with fine short antrorse setae, mostly confined to 
the dorsal and outer surfaces and becoming much finer on the club. 
Mandibles small, bidentate at apex, with the teeth small, short, and 
blunt, and the inner one somewhat the longer. Maxillary palpi two- 
jointed, the first joint as long as thick and the second tapering and 
about twice as long as the first. Labial palpi about one-half as long 
as maxillary palpus and cotnposed of one joint. 

Thorax about one-third longer than wide, very convex above, and 
the depth dorsoventrally about two-thirds the width. Pronotum very 
strongly arcuate and hardly visible in dorsal view. Mesoscutum about 
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one-half broader across the base than the median length, its basal 
margin very slightly bisinuate. Axillae rather more than twice as 
broad as their exterior length, very acute, and nearly meeting medially 
and their surface plane with scutellum. Scutellum moderately convex, 
nearly as long as mesoscutum but hardly longer than wide at base, 
moderately broadly rounded at apex and with the lateral margins 
abruptly declivous and moderately well elevated but becoming less 
elevated at apex. Propodeum very short medially, much longer at the 
sides, convex from side to side, and declivous posteriorly. Spiracles 
very minute, circular, and placed close to lateral margins of pro- 
podeum at the middle and just outside two very fine, parallel longi- 
tudinal carinae (the outer carina bisecting the spiracle). Abdomen 
very strongly compressed, its length to apex of last tergite much less 
than that of thorax, but length to apex of hypopygium, when abdomen 
is expanded with ovipositor exserted, more or less equaling or even 
somewhat exceeding that of head and thorax combined. Hypopygium 
in expanded condition laminately compressed, with the ovipositor pro- 
truded nakedly. Ovipositor sheaths not observable in dry material, 
but in dissected mounts appear as oval plates, about twice as long as 
wide, lying just beneath apex of last tergite. Cereal plates placed on 
each side at base of apical tergite. 

Legs of ordinary length and structure, the middle tarsi a little 
shorter and stouter than hind tarsi, and spur of middle tibiae not 
quite so long as the first tarsal joint. Wings fully developed and 
rather narrow in proportion to the length. Submarginal vein not 
thickened subapically but rather strongly curved; marginal vein 
between two and three times as long as wide ; postmarginal vein prac- 
tically absent ; stigmal vein scarcely longer than marginal and some- 
what expanded at apex. Marginal fringe very short and dense. 
Discal setae beyond speculum short, fine, and rather dense. Speculum 
in breadth equaling the length of stigmal vein, not reaching to poste- 
rior margin, bounded on its proximal margin above by the venation, 
and after passing beyond bend in submarginal separated from basal 
area by only two or three rows of very fine weak pale-colored setae. 
Basal area bare except a row of fine setae close to submarginal vein. 
Costal cell with rather dense fine setae, which become weaker and 
sparser along the vein and toward the base of cell. Hind wings with 
a longer marginal fringe than fore wings and with the costal cell 
extremely narrow. 

Head and mesoscutum shining and finely scaly-reticulate, with the 
areoles becoming longitudinal on sides of face. Scrobal impression 
polished. On the cheeks the reticulations become faint, and toward 
the occiput and on the postocular region they are replaced with fine 
lineolations. Frontovertex with a few scattered fine punctures. 
Axillae and scutellum finely and delicately tessellate. Propodeum 
polished. Mesopleura finely lineolate-tessellate. Abdomen finely tes- 
sellate, but first tergite toward base and the hypopygium polished. 
Cheeks, frontovertex, mesoscutum, and scutellum with fine, sho^t, 
moderately numerous, dark-colored and inconspicuous hairs, the 
scutellum without enlarged hairs at apex. Eyes with very short, fine, 
erect hairs. 
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Head and thorax rather dark brassy green, with the scrobal 
impression blue and the axillae and scutellum dark purple blue. 
Cheeks posteriorly and the postocular region bluish. Pleura of thorax 
and the abdomen blue, the mesopleura and venter with a purple luster, 
the first tergite, however, brassy green. Antennae piceous, but basal 
half of scape, excluding radicle joint, dull yellow. Legs yellow ; the 
coxae, trochanters, and femora pale lemon yellow, the tibiae and tarsi 
more brownish yellow, and last joint of tarsi fuscous. Wings slightly 
dusky hyaline, with the speculum clearer than other parts. Basal 
half of submarginal vein yellowish, the remainder of venation fuscous. 

Measurements in millimeters as follows: length of body, (0.917 to) 
1.48; length of head, 0.406 ; width of head, 0.475; width of vertex at 
anterior ocellus, 0.212 ; thickness of head fronto-occipitally, 0.371 ; 
length of antenna, 0.956; width of mesoscutum, 0.476; length of fore 
wing, 1.084; width of fore wing, 0.515. 



Pig, 2. Tetracncmus prctwsus n. sp. Autenua of male. 

Male — 

Head irregularly submenisciform, rather thin fronto-occipitally 
and thickest through the middle of eyes; as seen from in front some> 
what broader than long, broadest through the eyes, and with the cheeks 
strongly and somewhat arcuately converging below. Eyes rather 
small, very slightly longer than wide, convex, and rather strongly 
protuberant. Prontovertex about twice as broad as long, more than 
one-half as broad as whole head, moderately convex from side to side 
and with the occipital margin acute. Ocelli in a very obtuse angle, 
the anterior one placed at the center of frontovertex, and the posterior 
pair almost touching the occipital margin and placed rather more than 
one-half their own diameter from the eye margins. Cheeks as long as 
the lesser diameter of eyes, rather convex, with a slight indication of 
a longitudinal ridge subposteriorly, and without a genal suture. Pace 
with a large, moderately deep, common scrobal cavity, reaching above 
to anterior margin of frons, and divided lengthwise for almost its 
entire length by a low rounded ridge which broadens toward the 
antennal sockets. Antennae inserted about half-way between ocular 
line and oral margin, with the sockets placed about their own width 
apart and at practically the same distance from oral margin. Antennae 
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eight-jointed. Scape slender, subfusiformly compressed, and sur- 
passing the scrobal cavity. Pedicel small, or scarcely longer than 
thick. Funicle five-jointed; joints 1 to 4 each with a long slender 
ramus inserted above at apex, the rami all about equal in length ; the 
joints, excluding rami, increasing greatly in length distad, the first 
broader than long, the second slightly longer than wide, the third 
about twice as long as the second, the fourth about three times as long 
as the second, and the fifth slender, terete, and a little longer than the 
fourth. Club entire, very elongate-oval, considerably thicker than the 
preceding joint and about as long. Eami with numerous long spread- 
ing hairs, the funicle joints otherwise and the club with similar but 
shorter hairs. 

Thorax similar to that of female, but much less convex longi- 
tudinally, and with the axillae indistinct. Abdomen about two-thirds 
as long as thorax and strongly compressed. Cereal plates and vibrissae 
inserted at the middle on each side. Aedeagus in dry specimens 
usually protruded and strongly curved downward. Legs practically 
as in female. Wings similar but the fore pair considerably broader 
in proportion to length. 

Prontovertex and mesonotum rather dull, somewhat roughly and 
very finely scaly-reticulate, and with the scutellum somewhat more 
finely sculptured and rather more shining than the mesoscutum. Pace 
and cheeks shining, the scrobal cavity and clypeal margin below 
antennae polished, the face otherwise finely reticulate with, the areoles 
for the most part somewhat longitudinally lengthened. Cheeks poste- 
riorly and the postorbital region very delicately lineolate. or almost 
polished. Pleura shining and finely reticulate, the propleura and pre- 
pectus distinctly sculptured, and thj mesopleura more delicately reti- 
culate, with areoles longitudinally lengthened. Propodeum polished. 
Abdomen very finely tessellate and rather dull. Pubescence as in the 
female. 

Head and thorax very dark green, the mesoscutum appearing 
almost piceous in some aspects. Pace and cheeks brilliant brassy 
green. Scutellum nearly as dark as mesoscutum but with a dark red- 
dish and purple instead of a dull green luster. Propodeum somewhat 
bluish green with a brassy luster. Mesopleura mostly dark blue or 
purple blue. Abdomen piceous, mostly without a metallic luster, but 
sometimes purplish on the sides especially at base. Antennae piceous, 
but the scape yellow except its apical fourth and the radicle joint. 
Front and middle legs dull yellow with the front tarsi more or less 
infuscated. Hind coxae bluish, the femora, except base and some- 
times beneath, tibiae, except sometimes beneath, and hind tarsi fuscous, 
the hind legs otherwise yellow. Wings clear hyaline, the veins fuscous. 

Measurements in millimeters as follows; length of body, (0.796 to) 
1.25 ; length of head, 0.408 ; width of head, 0.490 ; width of vertex at 
anterior ocellus, 0.290; thickness of head fronto-occipitally, 0.238; 
length of antenna, 0.966 ; width of mesoscutum, 0.479 ; length of fore 
wing, 1.172 ; width of fore wing, 0.573. 

Described from 2 females, 7 males (holotype $, allotype, and para- 
types) reared in January, February, and March, 1928, from Pseudo- 
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coccus gahani Green, collected at Sydney, New South Wales (H. 
Compere) ; and 15 females, 27 males (paratypes) reared from the same 
host in the propagating- cages at Riverside, California, in April and 
May, 1928. 

Anusoidea compere! n. sp. 

Figures 3 and 4 

This species differs from Anusoidea aureiscufellnm Girault in 
having the thorax mainly piceous without a purple luster, the meso- 
pleura entirely dark, and only the apex of front and middle tibiae, 
with their tarsi, yellowish. The color of the scutellum is also appar- 
ently redder. The general form and habitus of this genus in the 
female sex is superficially like Homalotylus Mayr but it differs greatly 
in the venation, the very large Cerapterocerus-like antennae, and in 
many other details, so that the resemblance to Homolatylus is merely 
an example of homoplasmy. 



Fig. 3. Anusoidea comperei n. sp. Antenna of female. 


Female — 

Head meniseiform, slightly longer than wide, moderately thick 
fronto-occipitally, thickest approximately at middle, strongly rounded 
on the sides and gently rounded on the dorsal margin. Occiput only 
slightly and uniformly concave, with the neck inserted at the center. 
Eyes large, distinctly less than twice as long as broad, and oval, except 
that the posterior orbits are practically straight. Inner orbits only 
slightly diverging anteriorly as seen in dorsal view of head, yet 
strongly diverging at extreme lower ends. Prontovertex much longer 
than wide, in ocellar region about one-half as wide as either eye, con- 
tinuous below with face, and with the occipital margin rather sharp. 
Ocelli in an acute angle, the posterior pair placed about one-half their 
own diameter from the eye margins and remote from occipital margin. 
Cheeks moderate in length, rather less than one-third as long as eyes, 
and with the genal suture very fine but distinct. Postocular space 
rather narrow and more narrowed above, the summit of eyes touching 
occipital margin. Pace rather depressed and with distinctly separated 
scrobes. Antennal sockets placed rather close together, almost at the 
oral margin, and separated by a well elevated, convex, longitudinal 
ridge, which is not at all narrowed above. Antennae very large, 
foliately expanded and nearly as long as entire body. Scape large, 
very broadly and laminately expanded, pyriform in outline, nearly as 
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thin on dorsal as on ventral margin, with the apex broadly and trun- 
cately rounded and the ventral margin only slightly convex. Pedicel 
very small but laminate, and having the dorsal margin abruptly bent 
downward in a right angle at the middle, so that the apex appears to 
be on the ventral margin. Flagellum very broad and laminate, 
broadest a little before the middle, then tapering to the broadly 
rounded apex. First funicle joint largest and longest, yet the third 
slightly the broadest of all, the third to sixth about equal in length 
but successively narrowing distad. Club about as long as wide at 
base, somewhat narrowing to the broadly rounded apex, and with the 
three rather obscure joints becoming successively shorter distad. 
Mandibles small, bidentate, the teeth acute and slightly unequal. 
Maxillary palpi two-jointed, slender, the apical joint somewhat more 
than twice as long as thick and about one-half as long as the basal 
joint. Labial palpi similar to the maxillary pair but much shorter, 
the apical joint not much longer than thick. 

Thorax about one-half longer than wide, considerably wider than 
deep dbrsoventrally and gently convex above. Pronotum short and 
arcuate. Mesoscutum about twice as broad as long, and having the 
posterior margin between tegulae practically straight. Axillae rather 
large, each nearly twice as broad as long on outer edge, the inner 
ends very acute and contiguous, and the surface plane with scutellum. 
Scutellum large, depressed, about as long as wide, moderately acute at 
apex, and having the sides convexly arcuate to a slight degree, abruptly 
declivous and moderately well elevated. Propodeum very short 
medially but having the usual length at sides, its surface moderately 
declivous medially, and subdepressed at the sides, except on posterior 
margin which is narrowly declivous. Propodeal spiracles small, cir- 
cular, and about equally distant from anterior and lateral margin of 
the segment. Metapleura very narrow. Abdomen about two-thirds as 
long and not quite so wide as thorax, triangular as seen from above, 
and about one-third longer than wide at base. Tergum deeply con- 
cave and the venter rather strongly compressed. Cereal plates 
retracted within the concavity of tergum close to the base of abdomen 
and mainly concealed. Ovipositor entirely enclosed by vomeriform 
apical ventrites. 

Legs slender and about as long as in Homalotylus; hind tibiae and 
tarsi very slender; middle tibiae and tarsi stouter, the tarsi slightly 
tapering toward apex and the tibial spur almost as long as the basi- 
tarsus. Wings more than twice as long as wide and reaching well 
beyond apex of abdomen. Marginal fringe short and rather dense. 
Discal setae fine and dense in area below that portion of venation from 
proximal end of thickened part of submarginal vein to apex of stigmal 
vein. This densely pubescent area followed by a narrow, strongly 
arcuate band, where the setae are colorless. Apex of wing beyond 
arcuate band moderately setose. Basal area almost entirely bare 
except one row of rather coarse setae beneath submarginal vein. 
Speculum very narrow and very oblique, not quite reaching to base of 
stigmal vein and barely reaching l^yond the middle of disk, where it 
is well separated^ from the basal area. Area between speculum and 
venation with rather coarse setae. Costal cell rather narrow and with 
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only one row of fine setae, except toward the apex where there are two 
rows. Submarg^inal vein slightly sinuate and thickened in its apical 
fifth. Marginal vein elongate or about six or seven times as long as 
thick. Postmarginal vein subobsolete. Stigmal vein about equal to 
marginal, almost straight? slender, hardly appreciably enlarged at 
apex, and forming an angle of about 40° with costal margin. Sub- 
marginal vein with about fourteen enlarged setae, the longest of which 
only slightly exceed the width of the costal cell. Setae on marginal 
vein numerous and similar to those between speculum and venation. 
Hind wings with the costal cell extremely narrow and not reaching to 
the booklets, the marginal fringe of the posterior margin about twice 
as long as fringe of fore wings, and the disk bare at base almost as far 
distad as the bend in the vein. Remainder of disk with moderately 
dense setae which become subobsolete at the extreme apex. 

Face and fron to vertex moderately dull and with fine, dense, 
shallow, malleate punctures. Occiput with transverse lineate reticula- 
tions. Mesoscutum shining, metallic, very minutely and delicately 
reticulate. Axillae and scutellum opaque from an extremely fine 
dense shagreening. Pleura and abdomen finely reticulate and shining. 
Head almost bare, except a few extremely short fine setae on the post- 
ocular region and a row of equally minute, glistening white setae on 
face close to margin of eyes. Mesoscutum with fine, appressed, white 
setae, moderately close and becoming obsolete on posterior border. 
Scutellum with rather sparse, short, black setae, a pair of long black 
setae at apex and two pairs of subapical setae, which are about one-half 
as long as the apical pair. 

Head dark orange brown, becoming more or less piceous on face, 
and orange ferruginous on the upper half of occiput. Thorax and 
abdomen piceous, the pronotum somewhat brownish, the mesoscutum 
shining with a slight plumbeous luster, the axillae very dark reddish 
brown, and the scutellum orange red. Antennae entirely piceous and 
shining. Legs piceous, the coxae, trochanters, and b^ise of femora of 
front and middle legs and apex of middle femora creamy white, the 
apex of front and middle tibiae, with their tarsi, yellowish, and the 
apex of hind tibiae and hind tarsi browmivsh. Wings hyaline, the fore 
wings each with a broad fuscous band across the middle, exactly cover- 
ing the more densely setose area of disk, the distal margin of band 
strongly convex and the proximal margin somewhat obliquely 
transverse. Venation piceous, but the submarginal vein, except the 
thickened apical part, brown. 

Measurements in millimeters as follow^s: length of body, (1.70 to) 
1.85; length of head, 0.649; width of head, 0.594; width of vertex at 
posterior ocelli, 0.149; thickness of head fronto-occipitally, 0.323; 
length of antennae, 1.61 ; greatest width of antenna, 0.418 ; width of 
mesoscutum, 0.568 ; length of fore wing, 1.61 ; width of fore wing, 0.608. 

M;alb — 

Head submenisciform, about as broad as long, well rounded on the 
sides and above, and moderately thick fronto-occipitally. Face some- 
what reflexed, the frons not prominent. Occiput moderately concave, 
with the neck inserted near the center. Eyes rather small, only a little 
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longer than broad, and somewhat protuberant. Cheeks about three- 
fourths as long as eyes, convergent in frontal view toward the rather 
narrow mouth, and with the outer margin slightly discontinuous with 
eyes. Frontovertex a little broader than long, slightly widening 
anteriorly, the posterior part nearly twice as wide as the eye. Ocelli 
large, approximately in a right angle, the posterior pair a little more 
than their own diameter from the eye margin and slightly closer to 
the acute occipital margin. Face with a large shallow common scrobal 
cavity, descending considerably below the antennal sockets and 
divided by a very low longitudinal ridge, which extends upward 
hardly above the sockets. Antennal sockets situated close together on 
the ocular line and remote from oral margin. Antennae filiform and 
almost as long as body. Scape compressed, but not expanded, the 
ventral edge thin, with radicle excluded about four times as long as 
wide, and including radicle about as long as pedicel and first funicle 
joint combined. Pedicel slightly longer than thick. Flagellum slender 
and filiform. Funicle joints all much longer than thick, the distal 
joints slightly shortening, with the sixth about two and one-half times 
longer than thick. Club entire, long, tapering, acuate at apex, and 
almost as long as the last two funicle joints combined. Flagellum 
provided with numerous, uniformly distributed, short, antrorse setae. 



Fig. 4. Anusoidea comperei n. sp. Ajitenna of male. 


Thorax much as in the female, but mesoscutiim more convex, with 
its posterior margin slightly angulate medially, and the axillae slightly 
separated. Abdomen depressed, about as wide as thorax and three- 
fourths as long, or in dry specimens much shorter than thorax, tri- 
angular in form, and acute at apex. Cereal plates retracted to about 
the basal fourth in dry specimens, or in less contracted specimens to 
about the middle. Legs practically as in female. Wings shorter and 
broader than in female, the disk beyond speculum with uniform 
moderately dense setae. Speculum moderately wide, not quite reach- 
ing to stigmal vein and interrupted below, the setae on its proximal 
margin a little coarser than elsewhere. Base of disk more sparsely 
setose than the middle with a hairless band on posterior margin of 
wing and an enclosed triangular hairless area. Costal cell with three 
complete rows and an incomplete row of setae. . Submarginal vein very 
slightly thickened in the apical fourth ; marginal vein about three times 
as long as wide ; postmarginal vein indistinct and spur-like ; stigmal 
vein about one-fourth longer than the marginal and scarcely thickened 
at apex. Hind wings with the discal setae moderately dense and 
uniformly distributed, except in a small bare area at base. 

Frontovertex, mesoscutum, axillae, and scutellum with a very 
minute, opaque or subopaque shagreening, which is duller on the 
scutellum. Under low magnification this sculpture appears granular 
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tessellate, but when highly magnified it appears puncto-tessellate, with 
the tessellations irregular in shape, usually more or less longitudinally 
lengthened, and becoming a little coarser on scutellum. Lower part of 
face, cheeks, and pleura much more shining than the dorsum, and 
finely reticulate. Abdomen shining. Pace with rather sparse, fine, 
appressed, glistening white setae. Prontovertex with short erect 
black setae. Eyes with a fine, very short, rather dense pile. I^ube- 
scence of thorax about as in female, except that the setae of meso- 
scutum are whitish only at the sides, and, therefore, much less 
conspicuous. 

Body piceous or black, non-metallic, the face sometimes somewhat 
brownish, the prepectal plates pale brown. Antennae black with black 
setae, but the scape yellowish beneath toward base. Pront and middle 
legs very pale brownish yellow, the coxae brown or piceous and middle 
tibiae on basal half more or less dusky. Hind legs entirely brownish 
piceous, sometimes a little paler on femora. Wings entirely clear 
hyaline, the venation piceous. 

Measurements in millimeters as follows: length of body, (1.23 to) 
1.59 ; length of head, 0.447, width of head, 0.505 ; thickness of head 
fronto-occipitally, 0.254 ; width of vertex at anterior ocellus, 0.247 ; 
width of mesoscutum, 0.540; length of antenna, 1.52; length of fore- 
wing, 1.41 ; width of fore wing, 0.649. 

Described from 3 females, 7 males (holotype 5, allotype, and para- 
types) from Sydney, New South Wales (Compere). The holotype 
was reared December 4, 1927, from an undetermined mealybug. The 
remaining specimens are the offspring of this female, propagated on 
Pseudocoecus gahani Green. The males were reared January 2-7, 
1928, and the female paratypes were obtained Pebruary 10, 1928, after 
the parent ha^l been mated with her own male offspring. 

Anarhopus n. gen. 

Figure 5 

In Girault's table (Mem. Queensland Mus., vol. 4, p. 179) Anar- 
hopus runs to Arhopoldeus Girault, from which it differs in having the 
antennae large, with the flagellum compresso-clavate, the funicle joints 
increasing in width distad, the fifth joint distinctly wider than long, 
the club broadly rounded at apex, concave on inner surface, and about 
one-half as long as funicle, the fore wing with a broad cross-band, the 
abdomen strongly compressed throughout, considerably shorter than 
thorax and with the ovipositor enclosed by the ventrites, etc. In 
Mercet’s table it runs out at couplet 21, as the marginal vein is 
distinctly longer than wide and the ovipositor is concealed. 

Genotype : 

Anarhopus sydneyensis n. sp. 

Pemale — 

Head as long as wide, submenisciform, in frontal view well rounded 
above and on sides, but with the cheeks converging somewhat to the 
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rather broad oral margin and discontinuous with outline of eyes. 
Occiput deeply concave longitudinally so that the eyes in dorsal view 
extend much farther back on each side of head than does the very 
acute occipital margin of vertex. Neck inserted near center of occiput. 
Eyes moderate in size, nearly circular, or only a little longer than 
wide, and with the inner orbits appearing almost parallel in dorsal 
view of head, although appearing to diverge slightly at antei^ior ends 
in frontal view. Postorbital region moderately wide below and becom- 
ing extremely narrow above posteriorly where the eyes do not quite 
touch the occipital margin. Cheeks very large and broad, not quite 
so long as diameter of eyes and with the genal suture obsolete. Pronto- 
vertex broad and covering much more than one-third but not quite 
one-half the width of head. Ocelli in a somewhat obtuse angle, the 
lateral pair about their own diameter from the eye margins and about 
equally distant from occipital margin. Pace joining with frons in a 
broad curve and with a large common scrobal cavity. The latter 
rather deep, with long sloping margins on sides and above, and reach- 
ing dorsally above lower ends of eyes by approximately one-fourth 
their length. Antennal sockets placed close together, or not quite their 
own length aj)art, almost on the clypeal margin, and separated by a 
short low longitudinal ridge, which does not extend above the sockets. 
Antennae ten-jointed, the flagellum compresso-clavate with a five- 
jointed funicle. Scape rather slender, compressed, fusiform, and 
excluding the radicle about as long as the next three joints combined. 
Pedicel twice as long as thick and about as long as the following joint. 
Pirst three funicle joints subequal in length, the next two becoming 
successively shorter, all increasing gradually in width distad, the first 
about one-half longer than wide, the third about as long as wide, and 
the fifth about one-third wider than long. Club about three times as 
long as wide, about one-half as long as the funicle, and as wide as the 
preceding joint. Its apex broadly and nearly evenly rounded, and 
its inner surface deeply concave. The sutures between the three joints 
much more distinct on the convex outer surface of the club. Pirst 
suture strongly arcuate, the second very strongly oblique. Greatest 
length of first joint about two-fifths that of entire club. Second joint 
about four to five times longer across superior margin than below. 
Third joint comparatively small and oblique. Pedicel and funicle 
joints densely covered with short, erect, spiny setae, the club on convex 
outer surface with similar smaller setae, which become evanescent 
toward apex. Each joint of the club with about six fine, linear 
seilsoria. 

Thorax convex, robust, about two-thirds longer than wide, and but 
slightly less deep dorsoventrally than wide. Collar of pronotum very 
narrow and arcuate. Mesoscutum large, convex, about one-third wider 
than long, and with the hind margin nearly straight. Axillae a little 
more than twice as wide as long exteriorly, very acute and practically 
meeting medially, their disks plane with scutellum. Scutellum about 
two-thirds as long as mesoscutum, the sides slightly arcuately con- 
vergent to the bluntly rounded apex, the disk depressed, and the 
margins rather well elevated and very abruptly declivous. Propodeum 
long at the sides, but at the middle shortened about one-halft rather 
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strongly convex from side to side and obliquely declivous toward the 
rear. Propodeal spiracles very minute, circular and placed on the 
lateral margin remote from anterior ma:rgin. Abdomen strongly^om- 
pressed throughout, about three-fourths as long as thorax, its apex 
laminately compressed with the last ventrite surpassing apex of 
tergum. Ovipositor entirely enclosed by ventrites. Cereal plates and 
vibrissae not visible in dry specimens. Legs ordinary and moderately 
long; middle tarsi stouter than hind pair and slightly tapering; spur 
of middle tibiae almost as long as the basitarsus. Wings fully 
developed, infuscated from marginal vein distad, but becoming paler 
at apex. Marginal fringe rather dense and short. Discal setae dense 
in infuscated area and becoming a little weaker and sparser toward 
apex. Clear basal area of disk almost free from st^tae except in the 
space beyond speculum on posterior margin, there being one row of 
about 7 to 9 setae below submarginal vein and one oblique row of about 
4 or 5 smaller setae across disk from middle of submarginal vein. 



Fig. ;■). Aitarhopu^ sydneyensi^ n. sp. Antenna of female. 


Speculum, therefore, weakly differentiated, reaching to stigmal vein 
and becoming very broad and open below. Costal cell rather wide and 
with two incomplete and irregular rows of setae. Submarginal vein 
not thickened distad and armed with about 15 bristle-like setae which 
are almost as long as width of costal cell. Marginal vein about twice 
as long as wide and armed with numerous fine setae. Postmarginal vein 
very short. Stigmal vein about as long as marginal and postmarginal 
veins combined, a little curved and slightly widened at apex. Hind 
wings with the vein rather strongly arcuate in the basal half, the costal 
cell extremely narrow, the discal setae moderately dense on apical 
half of disk, and with the marginal fringe nearly twice as long as 
that of fore wings. 

Head finely puncto-reticulate with the cheeks and scrobal cavity 
much smoother. Prontovertex with sparse, fine, shallow pin punctures. 
Mesoscutum very finely scaly-reticulate and with sparse shallow pin 
punctures. Axillae minutely tessellate. Scutellum with very fine and 
dense, thimble-like punctures. Propodeum and metapleura polished, 
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the former with two fine parallel longitudinal carina;e at middle, placed 
abo^ their own length apart, and with two flue parallel carinae run- 
ning close together on each side from spiracle to hind margin. Meso- 
pleura finely reticulato-lineolate. Abdomen smooth and shining. Eyes 
and frontovertex with about equally fine, very short, erect and rather 
sparse setae. Clypeal margin and prominence between antennae with 
somewhat longer setae. Mesoscutum with sparse, short retrorse setae, 
which are pale but not conspicuously whitened. Scutellum with 
sparse inconspicuous setae, the two pairs at apex erect but only 
slightly enlarged. 

Coloration strongly metallic but with the luster not brilliant except 
on the smoother parts. 

Male — 

Not known. 


Anarhopus sydneyensis n. sp. 

P^EMALE — 

Head and thorax metallic green with a brassy luster, the scutellum 
dark green. Propodeum with a brilliant brassy and reddish luster. 
‘Cheeks strongly brassy. Mesopleura bluish at posterior end. Abdo- 
men rather brilliantly metallic and mainly steel blue and purple. 
Eyes very dark chestnut red. Antennae black, the scape with a 
greenish luster on the outer surface and with a longitudinal ‘white 
streak on inner dorsal margin, not quite attaining the apex. Coxae, 
front femora excei)t apex, and hind femora metallic greenish. Apex 
of front femora and tibiae, and the front tarsi brown, the tibiae other- 
wise piceous. Middle femora piceous but becoming more or less pale 
brown at apex and on anterior margin of apical half. Middle tibiae, 
spurs, and basal third of hind tibiae white, but the middle tibiae some- 
times more or less ferruginous brown especially toward apex. Hind 
tibiae otherwise piceous. Middle and hind tarsi ferruginous brown, 
with the apical joint piceous. Pore wings clear hyaline at base but 
with a well infuscated cloud distad irom level of marginal vein. Basal 
margin of cloud very convex. Apex of wing becoming broadly much 
paler but not entirely clear. Hind wings clear at base and becoming 
abruptly somewhat dusky on apical half. Submarginal vein dusky 
testaceous, the marginal and stigmal veins piceous. 

Measurements in millimeters as follows: length of body, (1.61 to) 
1.69 ; length of head, 0.577 ; width of head, 0.564 ; width of vertex at 
anterior ocelli, 0.247 ; thickness of head fronto-occipitally, 0.304 ; length 
of antenna, 1.403; greatest width of antenna, 0.158; width of meso- 
scutum, 0.568; length of fore wing, 1.395; width of fore wing, 0.592. 

Described from 4 females (holotype and paratypes), collected near 
Sydney, New South Wales (H. Compere). Holotype captured on 
orange tree at Wahroonga, December 8, 1927, and the paratypes reared 
December 1-10, 1927, from mealybug material collected in citrus 
orchard at Warrawee. 
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INTRODUCTION 

Although the amount of literature relating to the control and 
habits of the codling moth is enormous, apparently very little work 
has been done on the morphology of this insect. In fact, the only 
papers found were one by Bordas (1910), entitled Les Glandes 
Cephaliques des Chenilles de Lepidopteres, dealing with the silk 
and mandibulary glands, and one by Montgomery (1900), entitled 
On Nucleolar Structures of the Hypodermal Cells of the Larva 
Carpocapsa. 

“Caterpillars are remarkable for their standardization of struc- 
ture. In none of the other large groups of insects is there such 
uniformity in fundamental organization as in the larvae of the 
Lepidoptera” (Snodgrass, 1928, p. 131). A great deal of work has 
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been done on the morphology of various caterpillars, that of Lyonnet 
(1762) perhaps being the first. The larva of Bombyx mori Linn., 
the silkworm, has been the subject of extensive morphological work 
(Grandi, 1922), and since caterpillars are so standardized, much of 
the information already obtained from other species can be applied 
to Carpocapsa pomonella. 

The lack of specific morphological work on this species is the more 
surprising in view of the facts that it has been a pest for hundreds 
of years, and that material can be obtained in any quantity desired. 
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MATERIAL AND METHODS 

The bulk of the larvae were taken from under burlap bands on 
apple trees in the Yucaipa district of San Bernardino County, Cali- 
fornia, during the months of July and August, 1928. A few were 
obtained from the Sebastopol district of Sonoma County, California. 

The larvae were killed in boiling water and placed in 70 per cent 
alcohol. A slight distortion occurred as a result of boiling. The 
specimens from which superficial drawings were to be made were 
pinned to a cork pad and submerged in water. A binocular microscope 
was used, and all outlines were made with a camera lucida, corrected 
for distortion, the details being supplied by higher magnification. 
Best results were obtained with the material for dissection by allowing 
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it to stain overnight or longer in borax-carmine after incisions had 
been made in the head capsule and abdomen to allow the stain to 
penetrate. Borax-carmine did not overstaiii the material even after 
a long period of immersion. 

Some specimens of overwintering larvae taken from a mass of 
pupal material in December were placed in water and examined alive 
under the binocular. Much of their fat had been consumed, making 
them somewhat transparent. Some of the superficial nerves of the 
dorsal surface could be plainly seen, as well as parts of the tracheal 
system. 

In making the dissections for locating the various internal struc- 
tures, the dorsal surface of the head capsule was removed with dis- 
secting needles and the thorax and abdomen were opened along the 
dorso-meson by breaking the tissues apart with the needles. The 
larvae were then pinned out fiat on a piece of cork under water. 

The silk and mandibulary glands and the central nervous system 
stained a pronounced crimson, and were easily located. One of the 
greatest difficulties encountered in dissection was the presence of a 
great abundance of adipose tissue, or fat. In teasing this fat away, 
connections were often broken, this being especially true of the 
mandibulary glands which lie close to the surface. 

Drawings of the more minute structures were ihade from material 
mounted in balsam or glycerine jelly, the compound microscope being 
used. 

The tentorium could easily be seen after a head had been boiled in 
caustic potash for a short time. It was also worked out by dissection 
of a preseiwed head. 


EXTERNAL ANATOMY OF THE HEAD 

The head (figs. 1, 2, 3) is the smallest major division of the body. 
It is a non-wrinkled, pale brown region, which from a lateral or ventral 
aspect is oval in outline, while from a dorsal aspect, it is spherical. 
The head averages about 1.5 mm. in length, and an equal distance in 
width. 

Dorsal aspect (fig. 1). — Along the dorso-meson, or vertex, is a dis- 
tinct median suture {ms) which turns downward on the face and 
divides into the two epicranial sutures (e.v), which extend anteriorly 
to the epicondyles (fig. 10, ec), or dorsal articulations of the mandibles. 
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Fig. 1. Dorsal aspect of head. The membranous areas in both figures arc 
stippled. 



Fig. 2, Ventral aspect of head. Spinneret normally extends ventrally 
instead of anteriorly. 

adf, ‘^adfrons"; ant, antenna; cl, elypeus; ep, epicranium; es, epicranial 
suture; fr, frons; fa, fronto-clypeal or epistonml suture; ga, galea; hp, hypo- 
pharynx; ha, hypostoma; lb, labium; Im, labrum; Ip, labial palpus; md, mandible; 
ma, median suture; mt, mentum; nuc/ maxilla; mxp, maxillary palpus; o, ocellus; 
^p, puncture; pg, postgena; apt, spinneret; x, hypostomal suture. 
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These sutures form the lateral boundaries of the combined frons and 
clypeus and separate this area from the epicrania (ep). The epistomal 
or fronto-clypeal suture (Z^) ,that normally follows a transverse course 
from one epicondyle to the’ other has, in lepidopterous larvae (accord- 
ing to Snodgrass, 1928) arched into the area normally assumed by the 
frons. This departure carries the clypeus (cl) toward the vertex and 
forces the frons (fr) into two small lateral areas (the ‘‘adfrons^’ adf 
of Forbes, 1910, and of Imms, 1925) and a small median area at the 
branching of the epicranial sutures. Normally there are four setae 
and two punctures (p) on the frons. The punctures appear as circles 
with reddish periphery. The internal view of this area shows a well 
developed epistomal ridge (fig. 15, er) (so designated by Snodgrass 
because it carries the articulations of the anterior arms of the ten- 
torium). At the apex of its arch it is closely fused with the median 
suture, the true arms of which are relegated to a position of secondary 
notice, appearing interiorly as faint lines. 

Clypeus, — The area within the arch of the epistomal or fronto- 
clypeal suture {fs) is the clypeus {d) of Snodgrass (1928), the 
'' front of Forbes (1910), and of Peterson (1912), and the ‘‘frons’’ 
of Crampton (1921). At the anterior border of the true clypeus is a 
membranous area, the “clypeus” of Crampton and Peterson. The 
true clypeus usually bears six setae of varying lengths, and the 
epicrania each bear eight normal setae, three very short or rudi- 
mentary ones, and two punctures. 

Ventral aspect (fig. 2). — The labium {Ih) occupies the central 
portion of the ventral surface of the head, with the antennae arising 
from pits at the anterior borders of the postgenae (pfir). On each side 
is the hypostoma {hs), a posterior median part of the postgena 
separated from the more lateral postgenal regions by the hypostomal 
suture {x). Normally four setae arise from the postgenae, and two 
punctures occur there. 

Setae, — The setae arise from paler circular areas having a darker 
border. They may not always be constant in number and location, for 
one specimen was found with an additional seta on the epicranium. 

Eyes, — The simple eyes (fig. 3, o) consist of two groups of six 
pigmented ocelli each, five of which are in a semicircle, the sixth lying 
anterior to and below the arc formed by the others. The two groups, 
viewed from the lateral aspect, are situated on the sides or genae of 
the head, slightly ventrad. 



24 University of California Publications in Entomology [Vo!l.5 

Antennae . — Each antenna (figs. 3, 4, ant) arises from a pit (fig. 
10, ap) in the head capsule. Viewed from the frontal aspect, the pits 
are closed mesad by the bases of the mandibles and extend laterad 
almost to the ocelli. 



A membrane extends xip around the bases of the antennae which 
are three-segmented with all but the first being comparatively minute. 
Proximad of the tip of the first segment is a^small seta (fig. 4) and 
at the distal end of the segment is a very long hair, or sensillum 
trichodeum {st, Comstock, 1924, p. 130). Also at the distal end of 
the first segment are three sensory structures, which may be sensilla 
basieonica. The one mesad of the sensillum trichodeum is about twice 
as long and a little wider than the others. The second sensory struc- 
ture lies near the base of the second segment, and the third arises on 
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the upper side of the segment. At the distal end of the second 
segment there are also three sensory structures, the outside one being 
the largest, about one and one-half times the length of the third 
segment. The antennae are terminated distally by a projection from 
the third segment. The length of the antennae from the base of the 
first segment to the distal extension of the third segment is about 
0.2 mm. 

MOUTHPARTS AND INTERNAL ANATOMY OF THE HEAD 

The mouthparts consist of the labrum, labium, ftiaxillae, and 
mandibles. 

Lahrum . — The labrum (figs. 5, 6, 10, Im) is a simple, bilobed plate 
separated from the clypeus by the membranous area mentioned in 



the discussion of the clypeus (p. 23). The labrum overlies the bases 
of the mandibles, and is capable of a limited amount of vertical move- 
ment. It is about twice as broad as long, the width being about 
0.5 mm. The labrum bears twelve setae which arise from definite 
tubercles (fig. 5). Pour of them, two longer and two shorter, arise 
from a more heavily chitinized central area. Two pairs of setae arise 
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from points near the distal edg^e and in the center of the lobes, and a 
pair of longer and a pair of shorter setae arise laterad of the afore- 
mentioned heavily chitinized central area. 

On the inner surface or epipharynx (fig. 6, ex) are six sensilla 
basiconica {sb), three on each side, lying in a semicircle, the center 
one of the three being the larger. There are also several pitlike 
punctures (p) that possibly function as sensilla. 



Fig. 6. Ventral aspect of labrum, eXy epipharynx ; p, puncture ; 
shf sensillum basiconica. 


Labium, — Occupying the central portion of the ventral surface of 
the head is the labium (fig. 2, lb). The basal parts of the maxillae 
and labium are united, and the hypopharynx (figs. 3, 7, hp) is united 
to the anterior wall of the labium. The spinneret (spt) is located at 
the tip of the labium. The labium occupies the area limited anteriorly 
by the bases of the mandibles and posteriorly by the hypostomae (hs), 
Twb setae arise from the central portion of the labium. The mentum 
(mt) is posterior to the spinneret. 

Labial palpi, — On each side of the spinneret are the labial palpi 
(fig. 7, Ip), They are two-segmented, the basal segment being about 
nine times as long as the distal one. A seta arises from the tip of the 
basal segment, and the distal segment bears a terminal seta. The total 
length of the labial palpus is about 0.1 mm. The palpi are surrounded 
at their bases by a membranous fold, and immediately next to this is 
a chitinous band which is semicircular with the opening mesad. 
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MaxiUae . — ^Laterad of the mentum are the maxillae (fig. 2, mx). 
Their chitinous areas are broken up into three plates of varying size, 
the proximal one is large, irregular, and tapers posteriorly. Laterad 
of this are two setae. Distad of the large, irregular area are two other 
chitinous ones with a seta arising from the anterior edge of each. The 
bases of the maxillary palpus and galea immediately adjoin the 
anterior chitinous area. A sensillum trichodeum arises from the inner 
side of the common base of the maxillary palpus and galea. 



Fig. 7. Dorsal view of tip of hypopharynx with spinneret and labial palpi. 
hpf hypopharynx; Ip, labial palpus; spt, spinneret. 

The maxillar}" palpi (fig. 8, mxp) are three-segmented. The 
basal segment is the larger, being about one and one-half times the 
length of the second. At the distal end of the second segment are 
several microscopic projections probably sensory in nature. The third 
segment is only visible with the high-power objective. 

Guleae , — Mesad of the basal segments of the maxillary palpi spring 
the large basal segments of the galeae (fig. 8, ga). The tip of each of 
these segments bears the two maxillary lobes {mxl) which may be the 
distal segments of the galea and lacinia (Forbes, 1910, p. 98), and 
dorsally four sensory papillae {sp). The central papilla is the largest, 
those laterad being of the same length as the central papilla but 
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Pig. 8. Dorsal aspect of anterior portion of maxilla showing palpus and 
galea, ga^ galea; mxlf maxillary lobe; mxp, maxillary palpus; p, puncture; 
sp, sensory papilla. 



Pig. 9. Dorsal view of mandible, ahm, abductor muscle; adm, adductor 
muscle; eo, epicondyle; hCf hypocondyle. 
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smaller in diameter. The fourth papilla arises between the two 
maxillary lobes. 

Snodgrass (1928, p. 140) states that there are no maxillary palpi on 
the maxillae of caterpillars in general and terms the structures gener- 
ally interpreted as such, the ^‘terminal lobes which appear to be the 
laciniae.’^ He also states (p. 140) that there is no evidence to indicate 
the presence of a galea, but that the evidence suggests that the lobe is 
the lacinia alone, complicated in form by the development of a large 
sensory papillae. 

I have labeled these parts maxillary palpi and galeae on the 
authority of Forbes (1910) and of Crampton (1921). 



Fig. 10. Frontal aspect of head showing articulation of mandibles. Labruiii 
and antennae removed, adf, ^^adfrons’^; apy antennal pit; cl, clypeus; ec, 
ejHcondyle; es, epicranial suture; fs, fronto-clypeal or epistomal suture; //e, 
hypocondyle; hSj hypostoma; Im, labrum; md, mandible; o, ocellus; p, puncture. 

Mandibles . — The mandibles (figs. 9, 10, 11, md) articulate ven- 
trally with the cranial margin of the head by means of the hypo- 
condyles (fig. 10, he), and dorsally with the cranial margin through 
the epieondyles (ec). The mandibles are about 0.4 min. long, about 
0.4 mm. wide, and are five-toothed. They are much darker in the 
denticulate region. Prom the dorsal aspect they are convex, and from 
the ventral aspect concave. Two setae, one long and one short, arise 
%from the dorsal surface of the mandibles. 

Mandibidary glands. — Opening at the bases of the mandibles 
through an orifice (fig. 11, or) are the ducts of the mandibulary 
glands. As to the function of these glands Bordas (1910, p. 192) says, 
‘^Les glandes mandibulaires sont des organes a fonction double, a la 
fois digestive et surtout defensive.” No work has been done by the 
author to verify this statement of Bordas. 
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The duct follows down the tendon of the adductor muscle (fig. 11, 
adm) of the mandible and becomes enlarged just posterior to the 
occipital foramen (fig. 13, mg). The glands execute several convolu- 
tions, and in the region of the third thoracic segment become smaller. 
The smaller portion executes many more convolutions than does the 



Fig. 11. Ventral aspect of mandible showing opening of mandibulary duct. 
'a5w, abductor muscle; adm, adductor muscle; ec, epieondyle; he, hypocondyle; 
mg, mandibulary gland; or, orifice. 

larger part, and I am unable to verify the following statement of 

Bordas (1910, p. 184) ** et s’etend jusqu^ a Textremite posterieure 

de rintestin moyen,’’ since hardly any two dissections for this gland 
gave identical results. In some specimens the glands made a loop in 
the first abdominal segment and terminated in the thorax. In others 
they extended far down into the abdomen and may have terminated 
at the posterior end of the mid-gut as quoted from Bordas, 




Fig. 13. Diagram of a larva laid open along the dorso-meson showing the silk 
glands and a portion of the mandibulary glands. For anterior termination of the 
latter see figure 11. 

a, 5-~6, segments of abdomen; aatj anterior arm of tentorium; ag^ accessory 
gland; am, mental arm; cf, collection reservoir; ftgy first thoracic ganglion; h, 
head; Ip, labial palpus; mg, mandibulary gland; mx, maxilla; oe, oesophagus; 
PTy press; sd, silk duct; silk gland; aog, suboesophageal ganglion; apt, spin- 
neret; 1 1-3, thoracic segments; tp, tentorial plate. 
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Spinneret and sUk glands, — ^Along the ventro-meson anteriorly, 
lies the spinneret (figs. 2, 7, spt). Under natural conditions the spin- 
neret does not extend anteriorly as shown in figure 2, but ventrally. 
Boiling probably caused the anterior extension. The morphology of 
the spinneret has not been satisfactorily ascertained, but it appears 
to be the highly modified ligula (Imms, 1925, p. 407). It may repre- 
sent the glossae and paraglossae of the generalized labium. The tip 
of the spinneret is heavily chitinized and is about 0.15 mm. long. It 
is surrounded at its base ventrally by a membranous area, and has 
a dark median line extending its entire length (fig. 2, spt). 

The hypopharynx (fig. 7, hp) with the spinneret at its anterior 
border, is partly surrounded by the heavily chitinized mentum (fig. 2, 
mt) which embraces it ventrally and laterally, but does not extend 
(Jorsally except by the mental arms (fig. 13, am). 

Just back of the spinneret is the press (fig. 13, pr), which extends 
posteriorly about to the lower ends of the mental arms. Posterior to 
the press is a short constricted area, at the base of which the silk ducts 

c r 
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Fig, 14. View of silk-collecting reservoir and duct, rr, collection 
reservoir, sd^ silk duct. 

unite. The silk ducts (fig. 14, $d) can readily be distinguished in 
specimens stained with borax-carmine because of semicircular, crimson 
areas on the periphery, whereas the silk glands stain uniformly. The 
ducts are about 0.07 mm. in diameter. In preserved specimens they 
are of an opaque white color. 

Posterior to the conjunction of the ducts are the accessory glands 
(fig. 13, ag), or glands of Lyonnet. These are greatly atrophied and 
appear as nodulated swellings on the ducts. Bordas (1910, p. 173) 
says as to the function of the accessory glands, “En resume, nos 
observations personnelles sur un grand nombre de larves de L^pidop- 
teres nous ont permis de conclure que les glandes annexes ou acces- 
soires, de Pappareil sericig^ne secretent une substance liquide ou 
legerement visqueuse servant a unir entre eux les deux fils de soie et, 
peut-etre meme, agir chimiquement sur ces derniers, de faqon k 
permettre leur rapide durcissement.’’ The author has not carried on 
any experiments to substantiate this statement of Bordas that the 
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function of the glands is to secrete a fluid which unites the two strands 
of silk and causes the united strand to harden rapidly. 

The silk ducts pass backward on each side of the suboesophageal 
ganglion (figs. 13, 16, sog), pass ventrad of the tentorial plate (figs. 
13, 15, tp)y and begin to enlarge in the region of the second and 



Fig. 15. Ventral view of head capsule with niouthparts and antennae 
removed, showing tentorium. 



Fig. 16. Diagram of lateral aspect of central nervous system. (Incomplete.) 
cuitf anterior arm of tentorium; cr, epistomal ridge; ftg^ first thoracic ganglion ; 
hs, hypostoma; oc, oesophageal connective; oc, oesophagus; patj posterior arm of 
tentorium; pg, postgena; sd, silk duct; sog^ suboesophageal ganglion; sp, brain’* 
or supraoesophageal ganglion; tp, tentorial plate. 

third thoracic segments (fig. 13, ^2-3), to form what Bordas (1910) 
^ terms the ‘^reservoir collecteur’’ which is approximately 0.26 mm. in 
diameter. The reservoirs and glands execute several convolutions 
over and under the alimentary canal, taper slightly, and terminate in 
the sixth abdominal segment (a 6) as a general rule. 

Tentorium , — The tentorium (fig. 15) is composed of five cylin- 
drical, heavily chitinized parts. The posterior arms (pat) extend 
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dorsad and mesad from the meso-posterior border of the hypostomae 
(hs) for a short distance, and bridging the intervening space is the 
tentorial plate (tp) which curves anteriorly. The posterior arms are 
attached to the hypostomae by a membranous fold (shown clear in the 
figure). The anterior arms (oat) curve dorsally and anteriorly and 
are attached to the epistomal ridges (er) near their anterior ends by 
a membranous connective similar to that attaching the posterior arms 
to the hypostomae. The anterior arms, the posterior arms, and the 
plate are connected by a membranous sheath which surrounds their 
free ends. The distance between the proximal ends of the anterior 
arms and the ends of the plate and posterior arms is greater than that 
between the ends of the plate and the posterior arms. The parts are 
all of approximately the same diameter, about 0.02 mm. 


CENTRAL NERVOUS SYSTEM 

(In part) 

The following discussion of the central nervous system (fig. 16) 
and the diagram is incomplete, this section being introduced to show 
relationship of parts. No attempt has been made to indicate all the 
nerves arising from the brain’’ and suboesophageal ganglion, which 
with the ventral neiwe cord constitute the central nervous system. 

DuPorte (1915) worked out the nervous system of Sphida ohliqua 
Walker, a noctuid, and for a full discussion of the nervous system of 
a lepidopterous larva one should refer to his paper. 

The brain” (sp) consists of two visible ovoid nerve masses. It 
lies above the oesophagus (oe) between the two anterior arms of the 
tentorium, with its posterior extremity above the tentorial plate (figs. 
13, 15, tp) which is ventral to the oesophagus. The nerve masses are 
joined at one side of their bases and are approximately 0.35 mm. long 
and about 0.21 mm. wide. 

The ‘‘brain” is connected anteriorly with the suboesophageal 
ganglion (sog) which is composed of the fused ganglia of the three 
protocormic segments, by the oesophageal connectives (oc), or cnira 
cerebri. The suboesophageal ganglion is about 0.4 mm. long and 
approximately 0.2mm. wide or the same width as the “brain” (sp). 
The posterior border of the ganglion gives rise to the two connectives 
between it and the first thoracic ganglion {ftg) and through the latter 
connects with the balance of the ventral nerve cord. All parts of the 
nervous system are of an opaque white color. 
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DISCUSSION 

Certain of the lepidopterous larvae such a,s Cossus ligniperda P. 
have as a part of their mandibulary glands, a well developed collec- 
tion reservoir (Bordas, 1910, p. 176). Regarding Carpocapsa pomo- 
nella, Bordas (p. 184) says, ''On ne constate, sur le parcours de ces 
organes aucune dilatation vesiculiforme ni aucune difference de 
diametre permettant de reconnaitre Uexistence d’un reservoir ou d’nn 
conduit excreteur. ' ' 

My dissections indicate that there is a difference in diameter in 
these glands. The nodulated portion as described on page 31 is about 
0.14 mm. in diameter and the posterior portion is but half that 
diameter. Whether or not this enlarged region can be construed as a 
reservoir I cannot say but certainly there is a difference in diameter. 

In Bordas (1910, plate X, fig. 3), the labial palpi are shown with 
two terminal projections or setae, whereas I could find but one termi- 
nal seta, and a second arising from the tip of the first segment (fig. 7, 
Ip). Since Bordas’ figure is semidiagrarnmatic this point may be of 
no significance. 

There may be some difference in the structure of the mouthparts 
in different instars of the larvae, and Bordas did not mention which 
instar his specimens represented. However, on examination of a 
newly hatched larva, the labial palpi were found as shown in my 
figures. The suggestion as to differences in structure between different 
instars of lepidopterous larvae is borne out by the work of Grandi 
(1922) with Bonibyx mori wherein he treats each instar separately, 
presenting a key for determining which instar a laiwa represents. 

Since variations m^y occur in ditferent instars of the larvae of 
Carpocapsa pomonella, and since so little specific morpohological work 
has been done on this species, there is excellent opportunity for a 
great amount of work with an insect which is easily obtainable, com- 
paratively easy to work with, and of great economic interest. 
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INTRODUCTION 

According to the beet leafhopper, Eutettix tenellus 

(Baker), is a ‘ ^sin^le-b^ooded species.’^ 

Severin*^' published an account of the life-cycle of the beet leaf- 
hopper and reared two broods out-of-doors in the fog-belt district at 
Berkeley, California, during 1918. 

Stahk^^^^ states that there was only one brood on sugar beets in 
southern Idaho, but it seems probable that further investigation would 
reveal an additional brood, possibly on the wild vegetation. Experi- 
ments conducted at Spreckels, California, demonstrated that there 
'were unquestionably at least two generations annually in that locality. 
Under conditions more favorable than was usual for this part of the 
Salinas Valley, a third and even a fourth brood were obtained/’ In a 
letter dated May 16, 1921, Stahl informed the writer that two genera- 
tions were bred out-of-doors and a third and fourth brood in the 
greenhouse at Sprecliels. It is evident thus that two broods occur in 
the fog-belt district at Berkeley and Spreckels. 

Knowlton^®^ states that the life-history of the beet leafhopper has 
not been completely worked out in Utah, but collection data indicate 
that at least two broods are produced annually in most parts of the 
state. 

According to Ilaegele^^^ ‘Hhere were two full broods and a partial 
third brood of the beet leafhopper in southern Idaho in 1926.” 

The life-cycle of the beet leafhopper was determined at Manteca, 
situated in the northern part of the San Joaquin Valley, California. 
A detailed study of the life-history was started with the dark adults 
(pi. 4, /-/) which wintered over in the cultivated areas and the work 
with the successive broods was conducted during 1919 and 1920. 
After the first flights of the pale green adults of the spring broods 
(pi. 4, a, h, c) from the plains and foothills into the cultivated regions 
during 1919, the number of broods was again ascertained. Various 
phases of the life-history as determined in cages were checked up in 
the cultivated districts and on the plains and foothills for a period of 
eight years. 
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METHODS OP BKEEDINIG 

The adults were confined in a cylindrical cage (12 by 8 inches) 
with top and sides covered with lawn, except a glass plate (10 by 5 
inches) through which observations were made (fig. 1). The bottom 
of each cage was covered with denim fastened with a circular copper 
wire (fig. 1). The leaves of a sugar beet with the base of the petioles 
wrapped in cotton projected through two central intersecting incisions 
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lug. 1. Cylindrical cages used in life history work, equipped for rapid 
transfer of beet leafhoppers. 

in the denim (fig. 1). The denim rested against two inches of dry sand 
covering the surface of the soil in a ten-inch pot. The hoppers could 
be transferred rapidly to another potted sugar beet by blowing a 
breath of air through the sides and by jarring the cage, causing the 
insects to change their resting place from the foliage to the cloth ; the 
cage was then lifted so that the leaves pulled through the incisions, 
leaving the bugs in captivity. This removal of the cage from the 
potted beet was performed in a dark chamber provided with a glass 
plate, outside of which was a 50-watt electric lamp covered with a 
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shade (%. 2), so that any specimens which perchance remained on the 
plant, resting between the petioles, were attracted to the light after the 
cage was removed. In determining the daily emergence of adults of 
various broods, the insects were removed from the cages with a ten- 
cubic-centimeter pipette (fig. 3). The glass of each cage faced to the 
north in the fiHd. Each pot was placed in a saucer (fig. 1) and the 



Dark cliaiiiher in wliich transfors of b(?et leaf hoppers were made to 
prevent esenpe of adults. If a leaf hopper escaped, it was attracted to the light 
of an electric lamp enclosed in a reflector outside of the glass plate. 


saucers were watered daily during hot weather. To prevent ants from 
entering the cage, the sides of the saucer were smeared with tanglefoot. 
All sugar beets used for life-history work were grown under cover in 
the greenhouse at Berkeley, were transplanted in pots at Manteca, and 
were fumigated with Nico-Pume tobacco-paper insecticide a week prior 
to using. 
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3. Mctliod of reniovin^f beet leafhoppers from a cage wdth a. teii-oubie- 
centimeter ])ipette. By iiilialing a breath of air throufrli the rubber tu1)o, the 
hoppers are drawn into the bulb of the pipette, and by exlialiiig the breath 
they are expelled from the pipette. A piece of silk boltinj^ covers the opening 
between the jdpette and rubber tubing. An electric lamp enclosed in a reflector 
on the top of the cage illuminated and heated the interior of the cage during 
foggy days. 
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LIPE-CYCLB 

Oviposition , — In the process of oviposition the female cuts an inci- 
sion in the petiole with her ovipositor (fig. 4), also in the veins or 
margin of the sugar beet leaves, and a single egg is imbedded in the 
slit-like egg chamber (pi. 3, ct). The petiole often becomes bent 
(figs. 5, 6) at the region where the beet leafhopper deposits its eggs, 
owing to the fact that the tissue was injured by the ovipositor. The 
slit-like egg chambers can be readily distinguished from the round 
mouthpart punctures (fig. 7). 

Egg . — The average length of the egg after deposition is 0.654 mm. 
and the average width 0.0182 mm. Within the tissues of the beet 
leaves, the outline o£ the egg becomes irregular in shape (pi. 3, Z)). 
The egg is translucent when first deposited and during the embryonic 
development turns pale greenish white or yellow. It is elongated, 
narrower at one end than at the other, and with a distinction between 
dorsal and ventral surfaces indicated by a difference in curvature 
(pi. 3, h,c). As it nears the hatching period, the anterior pole may 
protrude from the mouth of the egg chamber and the pink eyes 
(pi. 3, c) of the embryo are visible. 

Egg periods . — The egg period was determined twice during each 
month. Females at the egg-laying stage were confined in a cage enclos- 
ing a potted sugar beet for one day and then the cage was replaced by 
an empty one. Table 1 gives the incubation periods from February 
to October : 

It is evident that tem])erature plays an important role in the dura- 
tion of the egg period. This is shown more clearly in the diagram 
(fig. 8) where the curves of the mean temperature and the egg period 
are plotted at such scales that they are approximately parallel. The 
larger separation of these curves in October as contrasted with April 
indicates the greater significance of temperature during the early 
embryonic development. 

Table 1 shows that eggs deposited from November 1 to January 15 
failed to hatch. There was a possibility that no eggs were deposited 
when the females remained on the beet for one day, provided the 
weather was cold and cloudy. Accordingly, another experiment was 
conducted in which the leafhoppers were allowed to remain on beets 
for one-half of a month. This experiment was repeated from Novem- 
ber 1 to January 15 and it was certain that oviposition had occurred. 
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A few eggs deposited from December 15 to 31 and «Tanuary 1 to 15 
hatched, but the nymphs died out-of-doors. An examination of the 
eggs which failed to hatch showed that the epidermis of the petiole 
covering the eggs had turned brown and a fungus growth was present 
on some of the eggs but this may have developed secondarily after the 
eggs were dead. Eggs deposited in November sometimes showed the 
pink eyes of the embryos but these failed to hatch. During the winter 
there was a high mortality of the nymphs which hatched from eggs 
deposited during September and October. 


TABLE 1 

Egg Peiuoi>s op Beet Lka.piioppek, 


Date of oviposition 

Date of hatching 

Egg period 

Mean temperature 




days 

“F 

Feb. 

15 

April 7 

51 

52.9 

March 

1 

April 14 

44 

55.1 

March 

17 

April 24 

38 

58.9 

April 

1 

April 30 

29 

61.6 

April 

16 

May 8 

22 

64,8 

May 

2 

May 20 

18 

66.8 

May 

17 

June 2 

16 

72.2 

June 

1 

June 15 

14 

69.7 

June 

16 

June 30 

14 

72.2 

July 

1 

July 12 

11 

75.6 

July 

15 

July 27 

12 

75.3 

Aug. 

1 

Aug. 13 

12 

68.8 

Aug. 

16 

Aug. 28 

12 

78.3 

8ept. 

1 

Sept. 18 

17 

67.1 

Sept. 

15 

Sept. 26 

11 

73.3 

Oct. 

1 

Oct, 28 

27 

60.0 

Oct. 

15 

Nov, 12 

28 

54.3 

Nov. 

1 

Failed to hatch 



Nov. 

15 

Failed to hatch 



Dec. 

1 

Failed to hatch 



Dec. 

15 

Failed to hatch 



Jan. 

1 

Failed to hatch 



Jan. 

15 

Failed to hatch 




A comparison was made of the dates of the first hatching of eggs 
deposited by dark adults wintering in the cultivated areas with those 
on the plains and foothills. Eggs deposited in the leaves of a beet on 
February 15, 1919, by dark females wintering in the cultivated areas, 
hatched on April 7 (table 1) in a cage. December-planted beets with 
eggs deposited in the petioles of the first pair of true leaves under 
natural conditions (figs. 5, 6) were transplanted in pots on March 20, 
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the first nymph hatched on April 14, and the first adult emerged on 
May 13. Eggs deposited in beet foliage from January 17 to Febru- 
ary 3 by dark females which wintered on the plains and foothills 
hatched between March 3 and 14. Eggs deposited by pale yellow 
females (pi. 2yd, e) of the second and third broods which wintered 
over in cages in the cultivated area hatched between March 16 and 31, 
1920, and the nymphs were reared to adult stage. 




±ig. 7. Mouth-part punctures of beet leafhopper in blades of sugar beets. 

Hatching. — During the process of hatching, the nymph, enclosed in 
the chorion and amniotic and vitelline membranes, pushes out of the 
slit-like aperture of the egg chamber (pi. 3, d). The nymph, after 
extrication from the egg shell and embryonic membranes (pi. 3, e,f), 
may remain suspended with the tip of the abdomen in the embryonic 
envelopes with legs sprawled apart. After the chitin hardens, the 
nymph crawls away (pi. 3, g) and usually settles on the .lower surface 
of the leaf to take its first meal. 

Stadia.— The interval of periods between the molts (stages or 
stadia) and the total duration of these periods or the post-embryonic 
development in the beet leafhopper is given in table 2. In this table 
the specimens are arranged in two groups, the grouping made accord- 
ing to whether the insects molted five or six times. 
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It is seen from table 2, that the period between molts varied from 
4 to 12 days in beet leafhoppers which cast their skins five times and 
from 2 to 8 days in specimens which molted six times. The most strik- 
ing difference occurs in stadium V, requiring averages of 10 days and 

2.6 days respectively. The average interval between the last two molts 
(stadia V and VI) of nymphs which passed through six molts required 

8.6 days compared with 10 days for hoppers which passed through 
five molts (stadium V). 



FEB MAR APR MAY JUNE JULY AUG SEPT OCT 


!Pig. 8. Diagram showing curves of the mean temperature and egg i)criod 
plotted at such scales that they are approximately parallel. The larger separa- 
tion of these curves in October as contrasted with April indicates the greater 
significance of temperature during the early embryonic development. 

Molting , — There are certain indications which appear a day or two 
before the nymph molts. The body becomes distended, the mem- 
branous connections between the head and thorax and abdominal seg- 
ments become greatly stretched (pL 1, g ) ; the abdomen shows a round- 
ing out, a fulness and plumpness. 
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TABLE 2 


Duration (in Days) op Stadia op Beet Leaphoppeir. Beared in September. 


Date of hatching 

Sept, 

11 

Sept. 

5 

Sept. 

Sept. 

11 

Sept. 

11 

Aver- 

age 

Sept. 

5 

Sept. 

5 

Sept. 

11 

Sept. 


Aver- 

age 

Nutt) l!M!< r ^ tti r»l t s 

5 

5 

5 

5 

5 


6 

6 

6 

6 

6 


Stadium I 

5 

9 

8 

5 

5 

6.4 

. 6 

6 

6 

8 

8 

6.6 

Stadium II 

4 

5 

6 

4 

6 

5.0 

4 

4 

4 

5 

5 

4.4 

Stadium III 

4 

4 

5 

4 

4 

4.2 

5 

5 

4 

5 

5 

4.8 

Stadium IV 

5 

5 

7 

5 

5 

5.4 

4 

4 

7 

6 

6 

5.4 

Stadium V 

9 

9 

10 

10 

12 

10.0 

2 

2 

5 

2 

2 

2.6 

Stadium VI 







5 

5 

4 

8 

8 

6.0 

Total post-em- 













bryonic devel- 













opment 

27 

32 

36 

28 

32 

31.0 

26 

26 

29 

34 

34 

29.8 

Date of last 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 


Oct. 

Oct. 

Oct. 

Oct. 

Oct. 


molt 

8 

7 

11 

9 

13 


1 

1 

m 

9 

9 

! 

Sex 


& 


9 

9 


& 

d' 

d 

d 

9 


Temperatures 

op 

“F 

op 

op 

1 

1 op 



op 

op 

op 

op 


Mean maximum 

96 

1 95 

95.0 

96 

\ 95 


96.0 

96.0 

96 

95 

95 


Mean minimum 

54 

55 

54.0 

54 

53 


53.0 

53.0 

56 

55 

55 


Mean 

75 

75 

74.5 

75 

' 74 


74.5 

74.5 

76 

75 

75 



TABLE 3 

Average Measurement in Miul-imeters op Beet Leaphopper. Previous to and 

Apt.'er, Each Molt 



Length, 
head to end 
of wingH 

Length, head and body 

Diameter, head 

After 

molt 

Previous 
to molt 

After 

molt 

Previous 
to molt 

1 Instar 


0.805* 

1 130 

305* 

305 

II Instar 


1.160 

1 520 

400 

400 

Ill Instar 


1 415 

1 885 

505 

510 

IV Ins tar 


1.850 

2 380 

635 

615 

V Instar 


2.415 

3 200 

760 

825 

VI Instar 


2.750 

3.200 

,800 

.750 

Male after fifth molt 

3.63 

2.81 

.800 

Female after fifth molt.. 

3.65 

3.15 


.900 


Male after sixth molt 

3.40 

2.90 


.812 


Female after sixth molt.. 

3.70 

3.10 


.900 



* Length of head and body and diameter of head after hatching. 
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After molting the nymph often remains suspended by the tip of the 
abdomen in the molted skin (pi. 4, c) with legs sprawled apart. The 
adult is white in color after the last molt and the wings expand rapidly 
(pi. 4, a ) . The insect holds the elytra away from the lower wings until 
the chitin hardens (pi. 4, 6). 

Measurements of instars . — The average measurements of various 
parts of the body of ten specimens one day previous to and one day 
after each molt are given in table 3. The diameter of the head was 
measured across the compound eyes. 

It is evident from table 3 that the instars can be determined more 
readily by the measurements of the head across the compound eyes, 
except after the fourth and fifth molts. A comparison of the average 
measurements of the male and female beet leafhoppers which com- 
pleted five and six molts, shows that the males are somewhat smaller 
than the females. 

Color of nympJml instars . — The recently hatched nymph is white 
with reddish brown compound eyes (pi. 1, a). A few hours after 
hatching, the body of the nymph is pale yellow marked with light 
brown areas on the thorax and alxlomen. The compound eyes are 
greenish yellow. Previous to the first molt the body is yellowish white 
with gray areas on the thorax and abdomen (jd. 1, a). 

Shortly after each molt the body of the nymph is usually white 
(pi. 1, h), sometimes pale lemon yellow after the fourth molt (pi. 1, i). 
The color of the body changes to yellow with dark brown or black 
blotches (pi. Ijh) which have a purple iridescence after the third, 
fourth, and fifth molts. After the first and second molts the brown 
areas may be mottled with pink (pi. l,i). The compound eyes are 
usually greenish yellow or yellow, sometimes with a red crescent 
(pi. 1, e,f) around them after the fourth and fifth molts. 

Color of adnlis . — In the hot interior regions of California, there is 
considerable variation in the color of the dorsal part of the head and 
thorax and this contrast in color will be described for the spring, 
summer, and overwintering adults. 

Spring form . — The adults which acquire the winged stage in 
March and early April on the plains and foothills possess a pale green 
vertex and pronotum, also hyaline elytra with dark areas (pi. 2, a,l)). 
Later in the spring, pale green adults develop on the plains and foot- 
hills without markings on the wing covers (pi. 2, c). The eyes of the 
living specimens are pale green. 
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Summer form. — The prevailing color of the vertex and pronotum 
of the adults emerging in the summer is pale yellow (pi. 2, d), some- 
times greenish yellow. These structures in other specimens may be 
lemon yellow (pi. 2, e) especially during the autumn. 

Overwintering form. — The adults wintering on the plains and foot- 
hills vary considerably in color, the prevailing color of the vertex and 
pronotum being pale yellow, often with dark brown areas (pi. 2, 
/, i, j, k, /). The wings are subhyaline niarked with brown or black 
blotches between the veins. In some specimens the dorsal part of the 
head and prothorax was pale yellow with pink areas and blue elytra 
with brown spots (pi. 2, ^). A rust-colored adult (pi. 2, h) was taken 
on the foothills on rare occasions. The compound eyes of the dark 
overwintering adults were usually brown. 

Characteristics of species. — A number of different species of leaf- 
hoppers occur in beet fields and are often confused with Eutettix 
tenellus. The female beet leafhopper can readily be determined by 
the semicircular emargination (pi. 4, f/) of the last ventral segment 
of the abdomen. The plates (pi. 4, d) at the end of the abdomen dis- 
tinguish the male from other species. The characteristics of the 
genitalia of either sex should be used to identify the species rather 
than the variable color pattern of the adults. 


SPEING BROOD 

On plains and foothills. — In two papers^®’ on the life-history of 
the beet leafhopper, the statement was made that no breeding experi- 
ments were conducted on the plains and foothills to determine the 
number of broods, and it was assumed that the pale green adults which 
invade the cultivated areas represent the spring brood. There was no 
doubt that one generation developed on red stem filaree (Erodium 
cicutarium; fig. 9) growing on the plains and foothills after the 
appearance of large numbers of nymphs, and mating of enormous 
numbers of adults occurred previous to the* flights into the cultivated 
areas. It was assumed, however, that a partial second brood may 
complete its life-history providing the pasture vegetation does not dry 
up too rapidly. Evidence accumulated in later years indicates that a 
partial second brood develops on the plains and foothills of the San 
Joaquin Valley whenever late spring rains occur and the pasture 
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vegetation remains green. During the 1925 outbreak of the beet 
leafhopper a partial second brood developed on the foothills of the 

Salinas Valley. ^^2) 

The spring brood adults with dark areas on the wing covers have 
often been mistaken for the dark overwintering specimens on the 
plains and foothills. The pronotum of some of the dark overwintering 
leafhoppers taken in March on the plains and foothills of the San 



Fig. 9. Rosette form of red stem filaree {Erodium cicutarium) which is the 
most important food and breeding plant on the plains and foothills, of the beet 
leafhopper. 

Joaquin Valley changed color from yellow to yellowish green or pale 
green. This change in color was also observed in May in a natural 
breeding area of the beet leafhopper in the Sierra Nevada Moun- 
tains^^^\ During the twelve years in each of which the dark over- 
wintering insects were kept in cages in the greenhouse there was only 
one year in which this change in color occurred. 

It is possible to distinguish the pale green spring brood adults with 
dark areas on the wing covers from the dark overwintering specimens 
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which have changed color on the pronotum from yellow to yellowiA 
green or pale green. The elytra of some of the overwintering females 
taken in March and May were often worn and the dark markings 
faded, indicating the approach of old age. Dissections of the pale 
green adults with dark areas on the elytra, shortly after these acquire 
the winged stage, show that the ovaries are immature and contain no 
full-grown eggs. On March 24, 1921, not a single spring brood adult 
with dark areas on the wing covers, collected in Little Panoche Pass, 
had mature eggs in the ovaries whereas 100 per cent of the dark over- 
wintering females were at the egg-laying stage. On April 8, 1921, 
5 per cent of the pale green females without markings on the wing 
covers captured in Little Panoche Pass had fully developed eggs in 
the ovaries. 

During March and April pale green spring brood males with dark 
areas on the wing covers were commonly taken in Little Panoche Pass. 
The dark overwintering males follow the females to the plains and 
foothills, mate in the autumn, and die during the winter. It is evident 
that the pale green males with dark areas on the elytra belong to the 
first brood. 

Proportion of sexes . — The females of the spring brood greatly out- 
numbered the males after a large flight had occurred on April 14, 1919, 
into the cultivated areas of the middle San Joaquin Valley. Table 4 
indicates the proportion of sexes taken on different host plants. 


TABLE 4 

Eropobtion or Sexbs AmsB Fuohts or Sraiwe Bboop Adopts into (Tuptiva.te® 

AKBA.S 


Date of 
oollection 

Plant 

Locality 

Num- 
ber of 
males 

Num- 
ber of 
females 

April 15 
April 15 
April 16 
April 17 
April 21 
April 23 
April 25 
April 28 

Fog weed {Atriplex-argeniea expanaa).... 

Russian thistle {Salaola kali tenuifolia) 

Sugar beets {Beta vulgaria).... 

South Dos Palos ... 
Oro Loma 

50 

29 

291 

167 

Chowchilla 

0 

179 

Sugar beets 

Hatch 

0 

50 

Russian thistle 

Oro Loma 

13 

87 

Sugar beets 

Hatch Station 

2 

111 

252 

Sugar beets 

Hatch Station 


Heartscale {A. cordulata) 

*Oro Loma 


93 



WM 




103 

8% 

1230 

«2% 


During the spring most of the pale green males of the spring 
broods remain on the plains and foothills, and are common on peren- 
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fiinla after the pasture vegetation becomes dry, but are rarely taken 
during the summer, and probably die. Table 5 shows a gradual 
increase in the percentage of males in a mountain pass during the 
spring dispersal. 


TABLE 5 

Proportion op Sexes of Spring Brood Adults in Little Panochb Pass During 

Spring Dispersal 


Date of 
collection 

Plant 

Locality 

Males 

Females 

1920 



No. % 

No. % 

April 19 

Red stem filaree (Er odium 





cicutarium) 

Little Panoche Pass. ... 

160-55 

129-45 

April 24 

E. cicutarium 

Little Panoche Pass. .. 

715-70 

301-30 

April 29 

E. cicutarium 

Little Panoche Pass . . 

166-73 

62-27 

May 11 

E. cicutarium 

Little Panoche Pass .... 

366-84 

67-15 

May 11 

Alkali heath {Frankenia 





grandifolia) 

Little Panoche Pass. .. 

200-78 

56-22 

June 1 

Alkali heath and Hemi- 





zonia virgata 

Little Panoche Pass. .. 

201-89 

25-11 




1808 

640 


Egg-laying stage , — The pale green females of the spring brood are 
mostly at the egg-laying stage after the dispersal into the cultivated 
districts has occurred. Fifty females were captured in a beet field 
near Chowchilla on April 16, after the flight on April 14, and 92 per 
cent had mature eggs in the ovaries. 

Fifty females collected on the plains and foothills on April 28 were 
dissected and 20 per cent had fully developed eggs in the ovaries. In 
all probability, most of these females became gravid after the enormous 
flight occurred on April 14. 

Egg and nymphal periods in cultivated areas . — The duration of the 
egg and nymphal periods of the first brood was also determined. For 
this purpose 2 dark males and 122 dark females which wintered in the 
cultivated areas were collected on beet seedlings with one pair of leaves 
on February 12, 1919, at Hatch Station. All these leafhoppers were 
confined in a cage enclosing the foliage of a sugar beet in order to be 
certain that oviposition occurred during the low temperatures in 
February. During March the number was reduced to 50 females. The 
insects were transferred to a new beet each week and also bimonthly 
from March to June, until the last specimen died on September 3. 
Table 6 gives the details. 
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TABLE 6 

Egg and Nymfhad Periods op First-Brood Beoekp Leaphoppbrs in Cultivateid 

Areas 


Dates of 
oviposition 

Date 
of first 
hatching 

Mini- 

mum 

periods 

Date 

first 

adult 

issued 

Date 

last 

adult 

issued 

Mini- 

mum 

nymphal 

period 

Egg 

and 

nymphal 

periods 

Mean 

temper* 

ature 




days 



days 

days 

•F 

Feb. 

15-23 

April 7 

51 

May 7 

May 10 

30 

76-81 

57.0 

Feb. 

24r-28 

April 20 

55 

May 19 

June 7 

29 

84-99 

61.4 

March 

1-2 

April 14 

44 

May 13 

May 24 

29 

73-83 

60.1 

March 

3-^ 

April 20 

48 

May 18 

June 1 

28 

76-84 

61.5 

March 10-*16 

April 20 

41 

May 19 

June 4 

29 

70-79 

63.0 

March 17 

April 24 

38 

May 21 

June 2 

27 

65-77 

63.8 

March 18-24 

April 24 

37 

May 21 

June 4 

27 

64-72 

64.3 

March 25-31 

April 29 

35 

May 25 

June 6 

26 

61-67 

65.4 

Ajiril 

1 

April 30 

29 

May 26 

June 4 

26 

5.5-64 

66.1 

Ap^il 

2-8 

April 30 

28 

May 26 

June 11 

26 

54-64 

66.3 

April 

9-15 

May 1 

22 

May 28 

June 20 

27 

49-66 

67.0 

April 

16 

May 8 

22 

June 3 

June 14 

26 

48-59 

67.8 

April 

17-23 

May 10 

23 

June 6 

June 22 

27 

50-60 

67.9 

April 

24-May 1. ... 

May 12 

18 

June 8 

June 25 

27 

45-55 

68.8 

May 

2 

May 20 

18 

June 13 

June 23 

24 

42-52 

69.1 

May 

3-9 

May 25 

22 

June 21 

July 3 

27 

49-55 

69.3 

May 

10-16 

May 30 

20 i 

June 24 

July 10 

25 

4.5-55 

70.6 

May 

17 

June 2 

16 

June 25 

July 6 

23 

39-50 

70.5 

May 

18-24 

June 2 

15 

June 25 

July 18 

23 

38 55 

72.1 

May 

25-31 

June 6 

12 

June 29 

July 26 

23 

35-56 

72.8 

June 

1 

June 15 

14 

July 12 

July 23 

27 

41-52 

72.6 

June 

2-8 

June 16 

14 

July 10 

July 31 

24 

38-53 

72.1 

June 

9-15 

June 25 

16 

July 18 

July 30 

23 

39-45 

72.0 

June 

16 

June 30 

14 

July 25 

Aug. 5 

25 

.39-50 

72.6 

June 

17-22 

July 1 

14 

July 24 

Aug. 15 

23 

37-54 

72.4 

June 

23-29 

July 7 

14 

July 31 

Aug. 17 

24 

38-49 

72.6 

June 

30“ July 6 

July 12 

12 

Aug. 6 

Aug. 20 

25 

37-45 

73.0 

July 

7-13 

July 18 j 

11 

Aug. 14 

Aug. 30 

27 

38-48 

74.6 

July 

14-20 

July 27 j 

13 

Aug. 26 

Sept. 7 

30 

43-49 

73.0 

July 

21-27 

Aug. 5 

15 

Sept. 1 

Sept. 18 

27 

42-53 

71.3 

July 

28- Aug, 3....j 

Aug. 13 

16 

Sept. 6 

Sept. 20 

24 

40-48 

71.4 

Aug. 

4r-10 

Aug. 19 

15 

Sept. 22 

Sept. 28 

34 

49-49 

71.7 

Aug. 

11-17 

Aug. 28 

17 

Sept. 25 

Oct. 7 

28 

45-51 

70.5 

Aug. 

18-24 

Aug. 31 

13 

Oct. 7 

Oct. 14 

37 

50-51 

69.5 

Aug. 

25-31 

Sept. 15 

21 

Oct. 17 i 

Oct. 23 

32 

53-53 

67.1 

Sept. 

1-3 

Sept. 27 

26 

♦ 

* 














* Sept. 30, nympba killed by 0.47 inch of rain. 


If we are justified in assuming that eggs deposited on the first day 
of each week were first to hatch as indicated in table 7, then the mini- 
mum egg stages of the first brood varied from 11 to 55 days. If the 
nymphs which hatched from these eggs were first to reach the adult 
stage, then the minimum nymphal periods required from 23 to 37 days. 
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The duration of combined egg and nymphal periods of the first brood 
varied from 35 to 99 days. 

Daily emergence of adults, — daily record was obtained of the 
number of male and female adults of the first brood reared from eggs 
deposited by the dark females captured on beet seedlings. In table 7 
the letter ‘^d'^ with a digit in parenthesis, shows the number of dark 
overwintering adults that were bred; all other figures indicate the 
number of pale green or yellow specimens which issued. 

TABLE 7 


Daily Emeroencib or First Brood Male and Female Beet Leaphoppers in 

Cultivated Areas 


Date 

May 

June 

July 

August 

September 

October 



9 


9 

cf 

9 


9 

1 cT 

9 


9 

1 



43 

30 

58 

48 

16 

8 


4 

0 

0 

2 



43 

37 

46 

88 

11 

14 

0 

3 

0 

0 

3 



36 

42 

50 


11 

9 

4 

3 

0 

0 

4 



43 


47 

43 

8 

10 

0 

Kid) 

Kid) 

Kid) 

5 



33 

43 

28 

36 

7 

9 

2 

0 

0 

0 

6 



25 

21 

22 

40 

10 

17 

3 

2 

1 

0 

7 

0 

1 

Ifil 

17 

38 

21 

9 

9 

3(1(2) 

1 

1 

2 (2d) 

8 

1 

1 

28 

35 

35 

35 

4 

11 

1 

0 

0 

0 

9 

1 

1 

30 

29 

21 

24 

10 

4 

0 

0 

0 

0 

10 

1 

1 

22 

24 

15 

38 

5 

7 

0 

0 

0 

0 

11 

0 

0 

31 

20 

32 

19 

7 

7 

0 

0 

0 

0 

12 

0 

0 

23 

16 

31 

24 

7 

11 

1(1(2) 2(2(2) 

0 

Kid) 

13 

1 

0 

22 

26 

39 

20 

3 

5 

2 

l(ld) 

0 

0 

14 

0 

0 

17 

24 

39 

23 

3 

8 

2(1(2) 0 

0 

Kid) 

15 

3 

0 

20 

29 

29 

28 

5 

5 

3(lrf) 0 

0 

0 

16 

2 

3 

28 

31 

25 

41 

5 

8 

2(1(2) 0 

0 

0 

17 

1 

1 

15 

13 

38 

43 

5 

4 

0 

0 

0 

Kid) 

18 

5 

1 

23 

18 

28 

Kiil 

3 

4 

0 

l(ld) 

1(1(2) 0 

19 

3 

5 

10 

28 

17 

16 

4 

8(2(2) 

0 

Kid) 

0 

0 

20 

4 

2 

2 

15 

14 

18 

4 

4 

1 


0 

0 

21 

5 

2 

7 

12 

22 

19 

5 

1 



Kid) 

Kid) 

22 

9 

9 

19 

12 

7 

12 

4 

6 

2 


1(1(2) 0 

23 

9 

13 

43 

27 

21 

13 

6 

4 

1 

0 

0 

Kid) 

24 

17 

9 

56 

46 

11 

14 

2 

6 


Kid) 



25 

16 

14 

75 

47 

11 

5 

1 

1 

1 

Kid) 



26 

39 

35 

67 

58 

15 

16 

1 

2 

2 

Kid) 



27 

27 

28 

72 

64 

4 

7 

1 

1 

1 




28 

25 

23 

78 

60 

9 

7 

1 

5 

1 




29 

30 

47 

76 

63 

6 

16 

0 

1 





30 

31 

23 

52 

70 

17 

9 

3 

4 

2 




31 

37 

26 



9 

9 

3 

2 

















267 

245 

1058 

986 

784 

812 

164 195(2(2) 

34(5(2) 

22(9(2) 

6(4d) 8(8d) 


•68.8® 

•69.9® 

•74.5® 

•73.8® 

•68.4® 

•69.1® 


* Mean temperature "F. (<0 Dark overwintering adults. 
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The maximum period of emergence of the first-brood adults occur- 
red during the months of June and July, and the largest number of 
specimens issued between June 24 and July 3. The first adult issued 
on May 7 and the last on October 23, extending over a period of about 
5% months in which the first brood acquired the winged stage. The 
period between the deposition of the first egg, on February 15, and 
the emergence of the last adult, on October 23, required about 8% 
months. The last eggs hatched on September 27, but the nymphs were 
killed by 0.47 inch of rain on September 30. Occasionally small 
nymphs remained in the cages after most of the bugs had acquired 
the winged stage and these usually died, or if they passed through 
the last molt, the wings of the adults did not expand properly (fig. 10). 



Fig. 10. Beet leafhopper with malformed wings. 

A total of 2313 males and 2268 females were bred, or 45 more males 
than females. During the months of May and June more males than 
females issued, but in July and August the reverse was evident. The 
following percentage of dark overwintering adults issued monthly: 
August 0.5 per cent, September 25 per cent, and October 86 per cent. 

Preoviposition period . — ^An attempt was made to determine the 
number of days required before fully developed eggs appeared in the 
ovaries after the first-brood females acquired the winged stage. Aftpr 
the adults had been kept in cages enclosing sugar beets for a period 
varying from 3 to 17 days, the females were dissected, and they were 
judged to be at the egg-laying stage when ripe eggs were found in the 
ovaries. The fact that eggs were often found in the oviducts and 
common oviduct indicated that these were ready to be deposited. 
Table 8 shows the results. 
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TABLE 8 

Peb-iod ArrER Emesroencb op First Brood Beet Leaphoppers Before Eggs are 

Deiveloped 


Date of 
emergence 

Date of 
dissection 

Days adults 
were kept 
in cages 

Number of 
adults with 
ripe eggs 

Number of 
adults without 
ripe eggs 

Mean 

temperature 

July 9 

July 12 

3 

1 

14 

«/? 

80.3 

July 18 

July 21 

3 

0 

27 

77.1 

May 22 

May 26 

4 

0 

2 

70.3 

May 29 

June 2 

4 

1 

40 

73.3 

May 31 

June 1 

4 

2 

38 

74.7 

July 8 

July 12 

4 

2 

22 

80.9 

May 28 

June 2 

5 

5 

14 

74.1 

June 26 

July 1 

5 

5 

49 

69.1 

July 16 

July 21 

5 

5 

27 

75.7 

July 17 

July 22 

5 

10 

10 

77.0 

May 22 

May 28 

6 

0 

3 

73.4 

May 24 

May 30 

6 

1 

1 

73.5 

May 27 

Jime 2 

6 

6 

13 

75.5 

June 4 

June 10 

6 

2 

41 

70.9 

July 15 

July 21 

6 

6 

14 

77.5 

May 25 

June 1 

7 

3 

1 

74.5 

June 25 

July 2 

7 

14 

19 

69.9 

July 7 

July 14 

7 

4 

2 

79.2 

July 14 

July 21 

7 

7 

11 

77.3 

June 1 

June 9 

8 

3 

16 

73.7 

July 4 

July 12 

8 

24 

12 

77.4 

May 21 

May 30 

9 

1 

0 

72.2 

July 1 

July 10 

9 

7 

30 

74.7 

July 3 

July 12 

9 

25 

13 

77.0 

May 20 

May 30 

10 

1 

0 

72.1 

June 21 

July 1 

10 

7 

10 

70.6 

July 12 

July 22 

10 

8 

0 

77.1 

July 13 

July 23 

10 

5 

6 

76.5 

June 29 

July 14 

15 

6 

43 

74.4 

June 14 

July 1 

17 

12 

16 

69.4 

July 6 

July 23 

17 

16 

10 

77.6 


According to table 8, one specimen, of 42 females dissected, 
required only three days before apparently mature eggs were present 
in the oyaries, but no ripe eggs were found in the oviducts and common 
oviduct. From the data at hand, no conclusions can be drawn as to 
the maximum and average preoviposition periods. 

Egg-laying capacity , — To determine the number of eggs which a 
single female of the first-brood deposits out-of-doors during her life, a 
male and a female were confined in a cage enclosing a sugar beet. The 
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male acquired the winged stage on May 8 and the female on May 9. 
The eggs were allowed to hatch and the total number of nymphs 
removed from the cage would equal the egg-laying capacity, providing 
all of the eggs hatched* The nymphs were removed twice during each 
month and the records follow : 


June 15 91 nymphs 

June 30 114 nymphs 

July 16 86 nymphs 

July 30 28 nymphs Male died. 

Aug. 16 9 nymphs 

Nov. 20 No nymphs Female died. 


328 nymphs 

The egg-laying capacity of four females was also determined in 
the greenhouse, using sugar beets and black mustard (Brassica nigra) 
as host plants. The number of nymphs which hatched from eggs 
deposited by each female in these host plants was as follows: sugar 
beets 258, 392 ; black mustard 291, 383, or an average of 341. 

Parthenogenesis , — ^Parthenogenesis is common among the Hemip- 
tera, but the eggs of the beet leafhopper do not hatch without f ertiliza^ 
tion. Fifty-one females which passed through the last molt on June 2 
were dissected ten days later and six specimens had apparently mature 
eggs in the ovaries. Thirty-six females which acquired the winged 
stage on June 3 were confined in a cage until February 12, when the 
last specimen died, but all eggs which were deposited in the leaves of a 
sugar beet failed to hatch. 

Longevity . — The longevity of 60 males and 40 females of the spring 
brood collected on April 28, 1919, on the plains near the foothills of 
the Coast Eange in the middle San Joaquin Valley was determined in 
a cage kept out-of-doors at Manteca. The leafhoppers were transferred 
to cages enclosing sugar beets on the dates indicated in table 9, so that 
no nymphs had an opportunity to acquire the adult stage. Some of 
the insects were killed by parasites. 

Since the date that the beef leafhoppers acquired the winged stage 
was not known with the 100 specimens collected on the plains, the 
length of adult life was again determined with bugs that were bred and 
had just acquired the wings. The rate of mortality is shown in table 9. 

It is evident from table. 9 that the longest life of the males was 
about four months and a few females lived through the winter, or a 
period of about nine months. 



1930] Severin: Life-history of Beet Leaf hopper in California 59 


TABLE 9 

LoNaEViTT or First Brood Adult Beiet Leaphqppeirs 


Collected on plains 


Progeny from dark females wintering in cultivated areas 


Date 


Adults 

alive 


Date 


Adults 

alive 


Date 


Adults 

alive 


cf 9 


d' 9 


cf 9 


April 28. 
June 7. 
June 30. 
July 21. 
Aug. 5. 
Aug. 19, 
Sept. 7. 
Oct. 2. 


60 

9 

6 

1 

0 


40 

15 

13 

9 

7 

3 

1 

0 


June 28 

78 

72 

68 

65 

8 

2 

2 

0 

July 23 

Aug. 4 

Aug. 17 

Sept. 7 

Oct. 4 

Nov. 1 

Jan. 3 

Jan. 17 

Feb. 12 


March 3 


March 15 


March 31 





60 

58 

58 

55 

27 

12 

10 

5 

4 

1 

1 

1 

0 


July 9. 
Aug. 1. 
Sept. 15. 
Oct. 4. 
Nov. 1. 
Jan. 3. 
Jan. . 17. 
Feb. 12. 
Marchs.., 
March 15. 
March 31. 
April 16. 
May 1. 


50 

29 

5 

3 

2 

0 


26 

21 

10 

8 

6 

3 

2 

2 

2 

2 

2 

1 

0 


Under natural conditions it is impossible to determine the longevity 
of the spring-brood adults, owing to the resemblance in color of the 
summer-brood forms, which show color variation from yellow to 
greenish yellow. Pale green adults of the spring broods do not live 
through the winter under field conditions. 


SECOND BEOOD 

Bred through one brood from dark females wintering in cultivated 
areas, — As soon as a few pale green adults of the first brood were bred 
from eggs deposited by the dark females wintering in the cultivated 
areas, they were confined in a cage enclosing a sugar beet, for the 
purpose of determining the emergence of the second-brood adults. 
Three males and four females issued on May 7 to 10, as indicated in 
table 7, and these were transferred to a new beet about once a month 
until the last specimen died between December 15 and January 3. 
Heavy winds blow during the spring and cages are liable to be upset ; 
therefore a duplicate experiment was performed with fourteen males 
and eleven females bred from May 13 to 24. In the second experiment 
the last female died between January 3 and 15. In the first experiment 
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a female of the second brood acquired the winged stage on July 5, 
and in the second cage a male was bred on June 30 ; hence the data on 
the emergence in the two experiments are combined in table 10. 


TABLE 10 


Emebobkce or Sbcond-Brood Male and Female Beet Leafhoppess. Bred 
Through One Generation from Dark Females Wintering 
IN Cui/rovATED Abeajs 


Dates 

June 

JiUy 

August 

September 

October 


cf 

cf 

9 


9 

cf 

9 


9 

1 


1 


3 

0 

2 

5 

0 

Kid) 

2 


1 


1 

0 


2 

0 

2(2d) 

3 


1 


4 

5 

1 

1 

0 

3 (3d) 

4 


2 


1 

3 

1 

1 

3(ld) 

7(6d) 

5 


4 

3 

8 

6 

3 

3 

Kid) 

Kid) 

0 


8 

7 

4 

5 

1 

0 

Kid) 

3 (3d) 

7 


2 

12 

3 

4 

3(2rf) 

2(ld) 

3(2rf) 

2(2d) 

8 


5 

9 

6 

7 

5(2rf) 

1 

Kid) 

3(3(i) 

9 


14 

15 

7 

5 

2(ld) 

1 

1 

Kid) 

10 


6 

EEI 

2 

2 

Hid) 

4(2rf) 

0 

6(6(0 

11 


6 

10 

3 

2 

2ild) 

0 

2(2d) 

5(5d) 

12 


9 

11 

5 

4 

7 m 

7{6(i) 

1 

5(5d) 

13 



6 

2 

5 

3 

B{Sd) 

3(3rf) 

2(2d) 

14 


9 

7 

7 

7 

1 

0 

Kid) 

2(2(0 

15 


3 

3 

4 

5 

2(2<<) 

2{2d) 

3(2rf) 

0 

16 


6 

6 

7 

8 

2 

2(2d) 

Kid) 

Kid) 

17 


7 

3 

6 

12 

2 

Kid) 

0 

0 

18 


5 

7 

9 

5 

3 

3 

0 

Kid) 

19 


6 

3 

12 

10 

5(2d) 

8(6d) 

2{2d) 

Hid) 



5 

4 

5 

5 

4 

3(2(0 

0 

0 

21 


2 

5 

1 

7 

Mid) 

6(5(0 

0 

0 

22 



K1 


8 

3 

l(ld) 

3(3(0 

l{ld) 

0 

2(2d) 

23 


4 

2 


10 

3 

0 

24 


3 

1 


8 

Mid) 

2 

0 

0 

25 


■j] 

0 


10 

2 

7(5(0 

0 

0 

26 


2 

3 

8 

7 

2 

0 

0 

0 

27 





21 

0 

5(5(0 

0 

0 

28 





9 

0 

0 

Hid) 

0 

29 



2 


3 

2(ld) 

Kid) 

0 

0 


1 



9 

13 

Kid) 

0 

0 

Hid) 

31 




5 

6 



|Th||| 







1 

123 133 





69.9*’ 

*74.5° 

*73.8° 

•68.4° 

•59.1° 


November 

Decern* 

ber 

cf 9 

9 













Kld)6(6<0 












0 3(3d) 




























l(ld) 



Kid) 


2(2d) 9(9d) 

♦50.3° 

Kid) 

•44° 


* Mean teinperaturc ‘F . (<0 ■« Dark overwintering adults. 


According to table 10, the masimum period of emergence of the 
second brood occurred during the months of July and August. The 
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first adult was reared on June 30, and the last between December 16 
and 31, a period of about six months during which individuals of the 
second brood acquired the winged stage. As the preoviposition period 
of the first brood was not precisely known, no record was obtained of 
the deposition of the first egg. The interval between the hatching of 
the first eggs on June 1, and the emergence of the last winged female 
between December 16 and 31, was about seven months. The last eggs 
hatched on November 12, but the nymphs died during the winter. 
A total of 418 males and 468 females were bred, or 50 more females 
than males. The following percentage of dark adults which winter 
over issued monthly: September, 42 per cent; October, 90 per cent; 
November and December, 100 per cent. 

Bred from adults that flew from plains and foothills into cultivated 
areas . — In view of the fact that the pale green leafhoppers of the first 
brood flew from the plains and foothills in April and the first-brood 
adults from the dark females wintering in the cultivated areas emerged 
in May, a comparative study of the two series of life histories was 
undertaken. Accordingly, on April 17, 122 pale green females that 
flew from the plains and foothills on April 14, were collected at Hatch 
Station in the same beet field in which the 122 dark females were 
captured. The hoppers were confined in a cage enclosing a potted 
sugar beet for one day and then transferred to another cage. Table 11 
gives a record of the egg and nymphal periods and the daily emergence 
of the second-brood adults. 

TABLE 11 

Eog and Nymphal Periods and Daily Emergence op Second-Brood Beet 
Leaphopfers Bred from Adults that Flew prom Plains 
AND Foothills into Cultevated Areas 


Date of 
ovipofli- 
tion 

Date of 
hatching 

Ere 

period 

Dates 

adults 

issued 

Number 

of 

males 

Number 

of 

females 

Nymphal 

periods 

Egg and 
nymphal 
periods 

Mean 

temper- 

ature 

April 17 

May 5 

days 

18 

May 29 
May 30 
TVfav .31 

2 

0 

0 

1 

days 

24 

25 

days 

42 

43 

“F 

67.0 

67.1 




1 

2 

26 

44 

68.6 




June 

1 

2 

1 

27 

45 

67.5 




June 

2 

1 

1 

28 

46 

67.6 




June 

3 

3 

0 

29 

47 

68.0 

68.0 




June 

June 

4 

1 

1 

30 

48 




5 

3 

0 

31 

49 

68.2 




June 

7 

1 

0 

33 

51 

68.2 












14 

6 
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According to table 11, the first adults issued on May 29 ; this cage 
stood next to that in which 122 pale green females of the first brood 
were transferred ; a second-brood male acquired the winged stage on 
May 25, from eggs deposited April 18 to 24. The months of maximum 
emergence of the second-brood adults were June and July, the same 
months in which the laigest number of first-brood adults were bred 
from eggs deposited by the dark females that remained in the cul- 
tivated areas during the winter. 

Longevity , — ^A comparison was made of the length of adult life of 
second brood beet leafhoppers in the two series of life histories as 
indicated in table 12. 

TABLE 12 

Longevity op Seconi>-Brood Adult Beet Lbaphoppers 


Bred from adults that flew from plains Bred through one brood from dark females 

and foothills wintering in cultivated areas 


Date 

Adults 

alive 

Date 

Adults 
alive 1 

1 

Date 

Adults 

alive 

Date 

Adults 

alive 




9 


cf 

9 


cf 

9 


i 

cf 

9 

May 

25- 

.... 


June 13-30 

55 

65 

June 30- 



Aug. 17-20 1 

32 

32 

June 

1 

15 

16 

July 15 

55 

65 

July 7 

30 

22 

Oct. 

15 

11 

16 

July 

1 

13 

15 

Aug. 16 

41 

47 

Aug. 1 

18 

13 

Nov. 

20 

7 

13 

Aug. 

4 

10 

11 

Aug. 31 

34 

40 

1 Aug. 20 

11 

11 

Jan. 

3 

5 

12 

Aug. 

19 

. 7 

8 

Sept. 15 

20 

39 

1 Sept. 15 

9 

11 

Jan. 

17 

5 

10 

Sept. 

7 

3 

5 

Oct. 3 

5 

18 

Oct. 2 

6 

10 

Feb. 

12 

4 

7 

Oct. 

4 

1 

4 

Oct. 15 

1 

15 

Dec. 1 

3 

8 

March 3 

2 

6 

Nov. 

20 

1 

2 

Nov. 1 

0 

12 

Mar. 3 

0 

2 

March 15 

2 

5 

Jan. 

3 

1 

0 

Nov. 15 


10 

Mar. 15 


2 

March 31 

1 

5 

Jan. 

17 

1 


Dec. 1 


8 

Mar. 31 


2 

April 

16 

0 

5 

Feb. 

12 

1 


Dec. 15 


7 

Apr. 16 


1 

May 

1 


2 

March 

3 

1 


Jan. 3 


3 

May 1 


1 

May 

14 


1 

March 15 

1 


Jan. 15 


2 

May 14 


1 

June 

1 


0 

March 31 

1 


Feb. 12 


2 

June 1 


1 





April 

16 

1 


Mar. 3 


1 

June 15 


1 





May 

1 

1 


Mar. 15 


0 

July 1 


1 





May 

14 

0 





July 15 


1 












July 27 


0 






According to table 12, the second-brood' adults which issued from 
May to August in the two series of life-histories varied as follows in 
respect to longest length of life : 

May 25~June 1, June 13-30, June 30-July 7, August 7-20: 

Males 11 4 6 7 months 

Females 5 8 12 9 months 
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No further details are necessary with reference to the emergence of 
the adults of the third, fourth, and fifth broods which were bred 
through successive broods from the pale green leafhoppers that flew 
from the plains and foothills into the cultivated areas, but the essential 
facts are given in table 16. 


THIRD AND FOURTH BROODS 

As soon as a sufficient number of second-brood adults issued, having 
been bred through two successive broods from eggs deposited by the 
dark females that wintered over in the cultivated area, they were con- 
fined in a cage enclosing a sugar beet, for the purpose of determining 
the emergence of the third brood. From June 30 to July 7, 1919, 
30 males and 22 females were removed from two cages as they acquired 
the winged stage, and were transferred to a new beet about once a 
month until the last specimen died between July 15 and 27, 1920 
(table 15). Table 13 gives a record of the emergence of the third- 
brood adults. 

According to table 13 the maximum period of emergence of the 
third brood occurred during the months of September and October. 
The first adult was reared on August 23, and the last on February 3, 
a period of about 5^^ months in which the third brood was acquiring 
the winged stage. No exact record was obtained of the deposition of 
the first eggs from lack of knowledge of the pl^eoviposition period of 
the second brood. The interval between the hatching of the first eggs 
on July 22, and the emergence of the last adult on February 3, was 
about 6l^ months. During 1919 the last eggs hatched on October 23, 
but the nymphs died during the winter. Eggs deposited by two 
second-brood females which lived through the winter were found to 
have hatched on March 31, 1920. A total of 183 males and 177 females 
were bred, or six more males than females. The following percentage 
of dark overwintering adults issued monthly ; September, 41 per cent ; 
October, 88 per cent ; November to February, 100 per cent. 

The emergence of the fourth-brood adults bred through three 
broods from dark adults that wintered over in the cultivated area, was 
determined from 19 males and 16 females of the third brood which 
issued from August 23 to 31 (table 13). The last female died between 
July 15 and 27 (table 15). Table 14 records the emergence of the 
fourth-brood adults. 
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TABLE 13 

Emergence op Third Brood Male and Female Beet LEAPHOPPBais in 
Cultivated Area 


DftieB 


August 


September 


October 


November 


December 


January 


February 




c?’ 


cf 




& 


9 c? 


9 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


1 

1 

1 

2 

5 

1 

4 
7 

5 


0 

0 

2 

3 
6 
1 

4 
3 
1 


3 2ild) 

1 2(ld) 

4 l(lrf) 

i{\d) 4(lrf) 
3 0 

2{ld) 2{id) 
3(l(i) 0 
3(lrf) l{]d) 

2 l(lrf) 
1 0 

1 0 
1 3(3rf) 

0 0 

0 1(1 fi) 

3 0 

1 l(lrf) 

3 4(3rf) 

2 l(l(i) 

2 5(3rf) 

3 2{2d) 

0 4(2rf) 

3 0 

1 5 (4c?) 

0 3(3<?) 

1 l(le?) 

3 0 

0 l(lrf) 
0 Hid) 
Hid) 0 
l(lrf) Hid) 


0 

0 

0 

2{2d) 

5(5d) 

2(2d) 

4(ld) 

1 

4(ld) 

5(ld) 

3(ld) 

7(6d) 

0 

4(4d) 

5(5d) 

HW 

8(dd) 

2(2d) 

2(2d) 

0 

2{2d) 

l(lrf) 

3(3rf) 

2(2d) 

0 

Hid) 

2{2d) 

Hid) 

0 

0 

0 


0 

Hid) 

0 

l(lrf) 

3(3rf) 

3(3rf) 

3(3rf) 

2(2rf) 

Hid) 

3(3e?) 

Hid) 

S{Sd) 

4(4d) 

2{2d) 

5(5(?) 

Klrf) 

0 

4(4fl?) 

4(4c?) 

6(5d) 

0 

0 

4m 

Hid) 

0 

2(2d) 

0 

Hid) 

0 

2(2d) 

Hid) 


Hid) 


5(5d) 14(14rf) 


8(8d) 3(3d) 


7(7d) 8{8d) 


2(2d) 


|l0(10(i) ll(lld) 


2(2d) 4(4d) 


5(5d) 2(2d) 


Hid) 


27 20 
*73.8° 


52(6d) 46(34d) 
♦68.4° 


67(51rf) 65(65(?) 
♦59.1° 


25(25d) 32(32d) 
♦50.3° ‘ 


12(12d) I0(l0d) 
♦44° 


... 3{3d) 
♦45.9° 


.... Hid) 

♦49.3° 


i£ean temperature T . f d) *» Dark overwintering adults. 
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TABLE 14 

Embroencb of Eourth-Beood Male and Female Beet Leafhoppeks in 
Cultivated Area 


Dates 

October 

November 

December 

January 

February 

March 

April 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

cT 9 

& 9 

(f 9 

cf 9 

& 9 

d' 9 

cf 9 












































20(20d) 29(29d) 










■ 






































10(10d)ll(lld) 

4(4d) 3(3d) 

4(4d) 8(8d) 

5(5t/) 3(3rf) 

l(ld) 3(3d) 

. ... 1 








2(2d) 0 •••'; 
l(lrf) 0 

3 (3d) 1 

l(ld) 0 

2 (2d) 2 (2d) 
l(ld) 0 

4(4d) l(ld) 
5(5d) 0 

3(2d) 5(5d) 
4(4d) 2 (2d) 

3 (3d) 0 

2(2d) 5(5d) 
Kid) 3(3d) 
l(ld) 3(3d) 


1 



























lO(lOd) 12(12d) 




























1 












l(ld) 2 (2d) 



4(4d) l(ld) 





4(4rf) 4(4rf) 

3(3rf) 


l(ld) 







33(32d) 22(21d) 
•59.1° 

44(44d) 53(53d) 
•50.3° 

8(8rf) 7{7d) 
♦44" 

4(4d) ll(lld) 
45.9° 

6(6d) 5(5d) 
•49.3° 

2(2d) 3(3d) 
•53.4° 

. ... 1 

♦59.7" 


* Mean temperature "F. (rf) * Dark overwintering adults. 
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According to table 14, the maximum period of emergence of the 
fourth-brood beet leafhoppers occurred during October and Novem- 
ber. The first adult was reared on October 18, and the last between 
April 1 and 16, a period of about six months in which the fourth brood 
was acquiring the winged stage. The period from the hatching of the 
first eggs on September 18, until the last adult issued between April 1 
and 16, was about seven months. A total of 97 males and 102 females 
were bred, or five more females than males. The following percentage 
of dark adults which winter over issued monthly : October, 96 per cent ; 
November to March, 100 per cent. A pale green female with two dark 
areas on the wing covers issued between April 1 and 16. 

A high mortality in the fourth-brood nymphs occurred during the 
winter. In two experiments 32 to 38 per cent of the nymphs suc- 
cumbed during the winter. The cages were protected from rains, in a 
large tent with movable sides which were opened in fair Aveather so 
that the hoppers were exposed to the sunshine. 

Longevity . — ^Beet leafhoppers bred in the two series of life-history 
studies were used to determine the longevity of the third and fourth- 
brood adults. The third-brood insects were reared through two suc- 
cessive broods from eggs deposited by the dark females, and the fourth- 
brood specimens were bre^ through successive broods from leafhoppers 
which flew from the plains and foothills. The length of adult life in 
each case is indicated in table 15. 


TABLE 15 


IX>NGFJVITY OP ThIKIX- AND FOURTU-BrOOD AdULT Bli:E.T LEIAFHOPPEJIS 


Date 

Aug. 23-31 

Oct. 3 

Dec. 1 

March 3 

March 15 

March 31 

April 16 

May 1 

May 14 

June 1 

June 15 

July 1 

July 15 

July 27 



Third-brood 
adults alive 

cf 9 

19 16 

17 14 

17 11 

4 10 

3 9 

2 6 

2 5 

0 5 

5 
3 
1 
1 
1 
0 



Fourth-brood 

Date 

adults alive 


Aug. 

26-31 

cT 

14 1 

Oct. 

3 

11 1 

Nov. 

1 

6 

Nov. 

15 

5 

Dec. 

1 

5 

Dec. 

15 

4 

Jan. 

3 

3 

Jan. 

15 

0 

Feb. 

12 


i March 

3 


March 15 


March 31 


April 

16 


May 

1 

1 
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The results in table 15 show that some of the third and fourth- 
brood males lived 7^^ and 4 months, and the females, 11 and 8 months 
respectively. 


COMPARISON OP DEVELOPMENT OP BROODS OP BEET 
LEAPHOPPERS IN TWO LIPE-HISTORIES 

Table 16 gives a comparison of the development of four broods of 
beet leafhoppers bred through successive broods from eggs deposited 
by the dark adults that wintered in the cultivated areas with the 
second to the fifth-brood adults reared from eggs deposited by the first 
generation that flew from the plains and foothills into the cultivated 
areas. 

TABLE 16 

Comparison- of Development of Broods in Two Series of Lifei- Histories 


Bred from Dark Females Wintering in Cultivated Areas 


Brood 

Date of first 
hatching 

Date first 
adult issued 

Months of maxi- 
mum emergence 

First 

April 7 

May 2 

June-July 
July- Aug. 
Sept .-Oct. 
Oct.-Nov. 

Second 

June 1 

June 30 

Third 

July 22 

Aug. 23 

Fourth 

Sept. 18 

Oct. 18 





Bred from Pale Green Adults that Flew from Plains and Foothills into Cultivated Areas 


Brood 

Date of 
hatching 

Date hrst 
adult issued 

Months of maxi- 
mum emergence 

Second 

May 1 

May 25 

June-July 

Third 

June 18 

July 10 

July- Aug. 

Fourth 

July 31 

Aug. 26 

Sept .-Oct. 

Fifth 

Sept. 16 

Oct. 19 

Oct.-Nov. 






OVERWINTERING ADULTS 

Yellow leafhoppers, which issued during October, wintered over in 
cages without depositing eggs during the autumn but the number of 
specimens was limited to a single female of the second brood which 
emerged on October 4 (table 10) and another adult of the fourth 
brood which issued on October 20 (table 14). Eggs were deposited, 
however, during late summer and early autumn by yellow females of 
the first three broods bred August 1 to September 25 (tables 7, 10, 13) 
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and by the fourth brood reared from Au^st 26 to September 14, and 
bred through successive broods from the pale green adults that fle’^ 
from the plains and foothills. 

Pale yellow adults rarely winter over on the plains and foothills. 
It was evident from dissection that some yellow females wintered over 
without depositing eggs during the autumn. Of eighteen specimens 
collected from October 16 to January 16 during three seasons, eleven 
had no mature eggs in the ovaries while seven* females were at the egg» 
laying stage as indicated in table 17. 

TABLE 17 

Ncmbbr op Yellow Female Bee.t Leaphoppers with Mature Egos in* the 

OVABIES OOLLECTEa) ON PLAINS AND FOOTHILLS OP COAST BaNOB 
OP THE San Joaquin Valley 


Locality 

Plant 

1 

Date 

Number 
of yellow 
females 
dissected 

Mature 
eggs in 
ovaries 

Wild Cat Canyon, west of 





Oro Loma (M) 

Perennials 

Oct. 16/19 


1 

Plains, 5 miles north of Tijon 



Pass {S) 

Erodium cicutarium.. 

Dec. 13/18 


1 

Foothills, 13 miles southwest 


of Tracy (V) 

E. cicutarium 

Dec. 24/18 

1 

0 

Ingram canyon, 7 miles south- 




west of Vemalis {N) 

E.- cicutarium 

Dec. 26/19 
Dec. 27/19 
Jsn. 16/20 

3 

1 

Wild Cat canyon (ilf) 

E, cicutarium 

3 

1 

Wild Cat canyon (M) 

E. cicutarium 

4 1 

3 








18 

7 


{.N) northern, (Af) middle, (S) southern, San Joaquin Valley. 


When the dark overwintering beet leafhoppers first make their 
appearance in the cultivated areas, it is often difficult and sometimes 
impossible to distinguish dark and yellow males owing to faintness of 
the dark areas on the wing covers. After the flights to the plains and 
foothills have occurred, dark males are easily distinguished during 
the winter. Dark females can be determined with certainty in the 
cultivated regions and on the plains and foothills during the autumn 
and winter. 

A remarkable peculiarity of each brood in the- two series of life- 
histories was the fact that dark adults which wintered over appeared 
during the autumn and winter. A comparison of the monthly per- 
centages of dark females of the four broods which were bred during 
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1919 and 1920, with those of specimens captured in the cultivated 
areas, plains, and foothills from 1918 to 1921, is indicated in table 18. 

Preoviposition period, — A total of 6.026 beet leafhoppers was 
obtained from the four broods and only two dark females issued before 
September. These specimens were confined in a cage enclosing a sugar 
beet together with two pale yellow males. No eggs were deposited by 
the bugs during the summer and autumn ; on December 1 they were 
dissected but no fully developed eggs were found in the ovaries. 


TABLE 18 

(loMPAiusoN OP Monthly Percentages op Dark Female Behtt Leafhoppers op 
Four Broods which were Bred During 1919 and 1920, with Monthly 
Percentages op Dark Females Captured in Cultivated Areas and on 
Plains and Foothills op Coast Eanoe op the San Joaquin Valley prom 
1918 TO 19 21 


Month 

Percentage of dark overwintering females bred in cages 

Percentage 
dark over- 
wintering 
females 
collected in 
cultivated 
areas 

Percentage 
dark over- 
wintering 
females 
collected on 
plains and 
foothills 

First 

brood 

Second 

brood 

Third 

brood 

Fourth 

brood 

Average 

August 

1.0 

40.9 

100.0 




1.0 

58.5 

98.3 

100.0 

100.0 

100.0 

100.0 

100.0 



September.. 

October 

Novemiier.. 
December . . 

January 

February .... 
March* 

60.8 

97.9 

100.0 

100.0 

73.9 

100.0 

100.0 

100.0 

100.0 

100.0 

95.4 

100.0 

100.0 

100.0 

100.0 

100.0 

71.3 

98.5 

98.4 
100.0 
100.0 
100.0 

96.6 
100.0 

95.6 

100.0 

97.9 

98.1 

100.0 

100.0 

April* 












* Northern San Joaquin Valley. 


An attempt was made to determine approximately the preoviposi- 
tion period of dark females of five broods which issued from August 
to December in the cultivated areas at Manteca. Table 19 shows that 
from 3 to 5 months elapsed before fully developed eggs appeared in 
the ovaries of the dark overwintering adults. 

During 1919-1921 dark females wintering in the cultivated areas 
and on the plains and foothills were dissected to determine when fully 
developed eggs were present in the ovaries. During October, Novem- 
ber, and December no mature eggs were present in the ovaries of dark 
adults collected in the cultivated areas and the dark females were not 
at the egg-laying stage during October and November on the plains 
and foothills of the Coast Range of the San Joaquin Valley. 
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TABLE 19 


Preoviposition' Periods op Five Broods op Dar-k FEMALiES Winteriko in* 

Cui/nvATED Areas 


Dates of 
emergence 
of adults 

Brood 

Number 

of 

females 

Date diaseoted 

Number of 
adults with 
ripe egi^ 1 
in ovaries 

Preovi- 

position 

period 

months 


First 

2 

Dec. 1 

0 


SftDt . 4—26 

First 

7 

Dec. 1 

1 

3 

Stpnf, 7—29 

Sftcnnd 

36 

Dec. 15 

0 


Sent. 1—30 

Third 

25 

Jan. 1 

0 


Sppf 6—22 

Fourth 

22 

Jan. 15 

0 


Oct. 4-23 

First 

4 

March 3 

1 

5 

Oct. 1-30 

Second 

31 

Feb. 15 

1 


Oct. 2-31 

Third 

51 

Feb. 15 

0 

Oct. 22-31 

Fourth 

19 

Jan. 15 

0 


Oct. 21-29 

Fifth 

11 

Jan. 1 

0 


Nov. 1-15 

Second 

6 

March 3 

5 

4 

Nov. 1—30 

Third 

29 

March 15 

20 

43^ 

Nov. 1-30 

Fourth 

37 

March 15 

27 

4M 

Nov. 4 I- 3 O 

Fifth 

3 

March 15 

2 

43^ 

Dec. 1-31 

Third 

7 

March 15 

6 

3}^ 

Dec. 1-31 

Fourth 

3 

March 15 

3 

33^ 

Dec. 1-31 

Fifth 

4 

March 15 

1 

33^ 







Dissections of dark overwintering females captured on the plains 
near the Tehachapi Mountains in the southern portion of the San 
Joaquin Valley showed a higher percentage of dark females with ripe 
eggs in the ovaries in December (24%) than in the middle and 
northern parts of the valley (4%). During the middle of January 
64 per cent of the dark females were at the egg-laying stage in a 
canyon situated in the middle part of the San Joaquin Valley, com- 
pared with 52 per cent in the northern portion of the valley. In 
February 86 to 99 per cent of the dark females had full-grown eggs 
in the ovaries in the northern part of the valley. Table 20 shows the 
percentage of dark females with mature eggs in the ovaries. 

The preoviposition period of the dark oyerwintering females can 
be determined approximately under natural conditions. According to 
table 18, the dark adults were abundant in the cultivated areas from 
September to November and if egg-laying began from December to 
February (table 20), respectively, then the preoviposition period 
would be about four months. 
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TABLE 20 

Results op Dissbct'ions of Dark Overwinterikg Female Beet Leafhoppers 
C oiJjEic?TEiD on Various Plants to Determine when Egg*Layino 
Begins in Cultivated Areas and on Plains and Foothills 
OP Coast Range op the San Joaquin Valley 


Locality 

Plants 

Date dark 
females were 
collected 

Number 
of dark 
females 
dissected 

Percentage 
of females 
with ripe 
eggs in 
ovaries 


Cultivated areas 




Oro Loma (M) 

Sahola kali leniiifolia 

Oct. 16, ’19 

50 

0 

Corcoran (S) 

Atrijdex argentea ex- 





pansa 

Oct. 22, '19 

49 

0 

Connor (S) 

A. argentea expansa 





and A. bracleosa.... 

Oct. 23, '19 

4 

0 

Lerdo (*S) 

S. kali tenuifolia 

Oct. 23,^19 

4 

0 

Oro Loma (M) 

A. semihaccata 

Nov. 11, '19 

49 

0 

Wasco {S) 

A. semihaccata 

Dec. 14, '18 

25 

0 

Manteca (iV) 

Sugar beets 

Dec. 26, '18 

31 

0 

Wasco (S)..' 

A . semihaccata 

Keb. 16’ ’18 

8 

100 

Hatch Station (N) 

Sugar beets 

March 4, ^19 

49 

100 


Plains and foothills 



Plains west of Oro Loma 





(M) 

Perennials 

Oct. 16, ’19 

31 

0 

Wild Cat Canyon, west 

1 



of Oro Loma (M) 

Perennials 

Nov. 11, ’19 

50 

0 

Canyon, 13 miles south- 





west of Tracy (N) 

Er odium cicutarvum.. 

Nov. 13, ’18 

29 

0 

Ingram Canyon, 7 miles 





southwest of Vernalis 





(N) 

Perennials 

Nov. 21, ’19 

25 

0 

Plains, 5 miles north of 





Tijnn Prhs (iS) 

E. cicutarium 

Dec. 13, ’18 

25 

24 

Canyon, 13 miles south- 





west ^^f Tracy (V) 

E. cicutarium 

Dec. 24, ’18 

59 

20 

Ingram Canyon (N) 

E. cicutarium 

Dec. 26, ’19 

100 

4 

Wild Cat Canyon (M) .... 

E. cicutarium 

Dec. 27, ’19 

100 

4 

Ingram Canyon (V). 

E. cicutarium 

Jan. 15, ’20 

100 

52 

Wild Cat Canyon (M).... 

E. cicutarium 

Jan. 16, ’20 

100 

64 

Ingram Canyon {N) 

E. cicutarium 

Feb. 11, ’20 

100 

86 

Corral Hollow, 8 miles 





southwest of Tracy 





(AT) 

E. cicutarium 

Feb. 23, ’21 

100 

99 


(iV) northern, (M) middle, (5) southern, San Joaquin Valley. 
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Longevity , — -The longevity of the dark overwintering adults can 
be determined under natural conditions. Dark specimens first make 
their appearance in August in the cultivated areas and are abundant 
from September to November (table 18). The first marked reduction 
in the number of dark females occurs during March and early April 
on the plains and foothills. In all probability the last dark females 
are at the end of their natural life by the time that the pasture vege- 
tation becomes dry. It is doubtful whether any dark females which 
flew to the plains and foothills during the autumn, returned to the 
cultivated areas during the spring. The length of adult life of the 
dark females is probably not more than 7 or 8 months under field 
conditions. 

If the longevity of the dark overwintering adults under natural 
conditions is compared with the results obtained by confining the leaf- 
hoppers in cages, it is evident that the life of some adults is prolonged 
greatly beyond the natural length. The last dark female of the 122 
specimens collected in a beet field at Hatch Station on February 12, 
died on September 3, but under natural conditions dark females which 
wintered over in the cultivated areas were not taken after the cessation 
of the spring flights of the pale green adults from the plains and foot- 
hills. A comparison of the longevity of the dark females under 
natural conditions with some of the pale green and yellow leafhoppers 
of the four broods (tables 9, 12, 15) bred in cages shows that the length 
of adult life of the pale green and yellow adults in captivity is also 
greatly prolonged. As already stated, the preoviposition period of 
the dark females requires about four months under natural conditions 
or 3 to 5 months in cages. If this time is deducted from their longevity 
of 7 to 8 months, one would be inclined to believe that the remainder 
of 3 to 4 months would be equivalent to the average length of life of 
the pale green and yellow adults after oviposition begins, providing 
that temperature conditions were the same. In the case of the first- 
brood adults the preoviposition period is short (table 8) and, as the 
temperature becomes higher during the summer, the average length of 
adult life of the spring and summer broods in the cultivated areas is 
probably even shorter. 

Males die during winter . — During the winter a reduction in the 
number of males occurred and dead specimens were occasionally 
obtained in the insect net by sweeping perennial plants on which the 
sexual behavior, described in a previous paper, was observed during 
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November. In determining the life-history, the proportion of sexes 
was found to be about equal ; 3,011 males and 3,015 females were bred 
in the four broods. A comparison of the percentages of male and 
female beet leafhoppers captured in the cultivated areas and on the 
plains and foothills of the Coast Range is shown in table 21. 


TABLE 21 

PekceiNTAGic op Male and Female Beet Leafhoppers Colle<^ted in Cultivated 
Areas and on Plains and Foothili-s op the Coast Range 
OF THE San Joaquin Valley 


1918-1921 month 

Cultivated areas 

riains, foothills 

September 

cf % 

65.4 

9 % 
34.5 

cf % 

9 % 

October 

47.4 

52.5 

59.4 

40.5 

November 

55.2 

44.7 

59.1 

40.8 

December 

38.0 

62.0 

12.1 

87.8 

January 

4.8 

95.1 

February 

.8 

99.1 

1.4 

98.5 

*March 

.7 

99.2 

100.0 

*April 


100.0 







Northern San Joaquin Valley. 


It is evident from table 21 that the first marked reduction in the 
number of dark males occurred during December in both the cultivated 
areas and on the plains and foothills, and that from February to 
March dark males were rarely taken. 


NUMBER OF GENERATIONS 

The breeding experiments in cages gave no clue to the number of 
generations which occur under field conditions. One difficulty was 
that the length of adult life is greater than occurs under natural 
conditions. It is evident in the two series of life-histories conducted 
in cages, that the minimum period of the development of each brood 
was ascertained, but the average or maximum periods of each brood 
was not determined. 

According to Ball‘’^^ 

the measure of a generation includes the preoviposition period, including mating 
time, period of egg deposition, egg and nymphal stages. If mating is observed 
in abundance a new generation will soon follow. This is the time when flights 
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occur, migration takes place, and at that time males often fly to lights in numbers. 
In the cases of adult hibernation the fall generation does not mate and no eggs 
develop that season. 

The congregation of large numbers of adults on favorable breeding 
plants and the pairing of the sexes was frequently observed in Cali- 
fornia. After the pasture vegetation begins to dry on the foothills, 
large numbers of spring brood adults usually congregate near the 
mouth of Little Panoche Pass during April, and mating occurs at sun- 
set. It is evident that the progeny which develops from eggs deposited 
by the dark overwintering adults represents the first or spring genera- 
tion (fig. 11). In years with late spring rains, a partial second brood 
may develop during May and June on the plains and foothills. 



Fig. 11. Chart showing number of generations and spring and autumn flights 
of the beet leaf hopper in the San Joaquin Valley. 

Plains and foothills. Cultivated areas. 


During the 1919 outbreak of the beet leafhopper an enormous con- 
gregation of pale yellow adults was observed on June 26, on bractscale 
{Atriplex hracteosa) (figs. 12, 13, 14, 15) growing among diseased 
sugar beets and along the margin of the fields in the vicinity of Hatch 
Station. The foliage of these saltbushes was covered with droplets 
of clear excrement which glistened in the sunshine. When a person 
walked past one of these weeds, so that a shadow was thrown on the 
plant, a swarm of leafhoppers flew up. Nymphs were still abundant 
on sugar beets with green innermost leaves and dried outer foliage. 
The next visit to these beet fields on July 5, showed that most of the 
insects had left the saltbushes and a summer migration had occurred. 
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Fig. 12. Vacant field covered with bractscale {A triplex hracttom). This 
annual saltbush forms dense pure communities in the San Joaquin Valley, and 
owing to its size and abundance, is one of the most important food and breeding 
plants of the beet leafhopper in the cultivated areas of California. The leaf- 
hoppers are commonly found on this weed from the time that the spring dis- 
persal frotn the plains and foothills until the return flights occur. 



Fig. 13, Bractscale (Atriplex hracteosa) showing height of plant which may 
vary from 1 to 5 feet and with stems commonly spreading to form dense 
tangled mats from 1 to 10 feet across, from which arise slender erect or 
ascending twigs. 
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Another assemblage of the pale yellow leafhoppers was observed on 
bractscale on July 26/^®^ If the enormous congregations and mating 
of the beet leafhoppers can be considered as an indicator of a new 
generation, then this would constitute the second or summer genera- 
tion (fig. 11). The foliage of the diseased beets were mostly dry and 
no marked increase of the hoppers occurred in these fields. 



Fig. 14. Fruiting bracts of bractscale (A triplex hrac- 
teoaa). These structures have been almost universally 
considered as modified leaves enclosing the seeds. 



Fig. 35. Fruiting bracts of wheelscale {Atriplex elegans). 


The third or autumn generation represents the dark overwintering 
forms which acquired the winged stage on favorable weeds from 
August to December (fig. 11). The third generation may fluctuate in 
numbers according to the food supply available during the autumn. 
During 1918 heavy rains fell on September 11 to 13, in the San 
Joaquin Valley, germinating the seeds of the pasture vegetation, and 
a new growth of weeds developed in the cultivated areas. During the 
autumn the saltbushes and other favorable breeding plants of the 
leafhopper normally become dry and the nymphs which hatched from 
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eggs deposited in the fall by the females of the summer generation now 
found an abundance of food in this new growth of vegetation in the 
cultivated territories. Many of the nymphs acquired the winged stage 
subsequent to October and November after the return flight of the 
dark winter adults to the plains and foothills. During the winter 
these stragglers which remained behind in the cultivated districts con- 
gregated on the very earliest planted beets in the northern part of the 
San Joaquin Valley and one-half of the 1919 crop showed curly-top 
symptoms before the enormous numbers of pale green leafhoppers of 
the spring brood flew from the plains and foothills into the cultivated 
regions during April. 

Attention has already been called in this paper to the fact that the 
dark overwintering adults mate during the autumn on the plains and 
foothills and that the males die during the winter. 

The beet leafhopper is rarely attracted to lights, and when such 
flights occur, the females (85.2%) greatly outnumber the males 
(14.7%). Two flights occurred to electric lamps at Coalinga on 
July 15 and August 3, 1918,^®^ but these flights have no bearing on the 
number of generations. 

In the Imperial Valley large numbers of Jassids were attracted on 
calm evenings to electric lamps in cantaloupe packing sheds. The 
sexual behavior and the relation of flights of the beet leafhopper to 
lights was studied from June 3 to 15. An enormous congregation of 
nymphs and adults had occurred on nettle-leaf goosefoot {Cheno- 
podium murale) (fig. 16) from dried wheelscale (Atriplex elegans) 
/fig, 15). A single female beet leafhopper was attracted to an electric 
light on June 7, but not another specimen was taken from June 
8 to 15.‘«> 


DISCUSSION 

The statement that ‘ ^ the number of generations a year will vary in 
different parts of the country according to the various climates and is 
likely to fluctuate from year to year in accordance with seasonal 
variations is correct in so far as the beet leafhopper is concerned. 

According to Ball^^^ the number of generations in the Ilemiptera 
is not 

more adjustments to a temporary excess of heat or cold, moisture or dryness, but 
rather are deep-seated and fixed modifications brought about through reaction to 
seasons unnumbered whose means, at least within the limits of the present geo- 
logical periods, are constants. Such adaptations as these are not to be overtlirown 
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by the influence of an early season or a late one, a heavy rainfall, or even an 
arid condition. They are merely modified in detail, but these modifications only 
serve to emphasize the fixity of the underlying principle. 



Fig. 16. Nettle-leaf goosefoot (Cheriopodium murale) which is a favorable 
food and breeding plant of the beet leafhopper in the cultivated areas. Left, 
branch of healthy plant; upper right, parts of plant affected with curly top 
showring curled leaves; lower right, leaf showing blister-like elevations, a 
symptom of the disease. 

According to Eutettix tenellns (Balcer) is a ‘‘single brooded 

species.” He shows graphically the average time of appearance of the 
nymphs and adults in different states including Arizona, California, 
western Colorado, and Utah. In his life-history chart. Ball indicates 



1 ^ 30 ] Severin: Life-history of Beet Leaf hopper in California 79 

that the adults make their appearance on beets in March and the 
nymphs are present from May to July in the San Joaquin Valley and 
from May to Au^st in the Salinas Valley of California. 

The statement that the beet leaf hopper is a ‘^single-brooded 
species'' is not correct. It is evident that the number of generations 
of the beet leafhopper is not fixed by inheritance since the majority 
pass through two generations in the fog belt and three generations 
occur annually in the San Joaquin Valley. 

Ball 's statements concerning the dates of the appearance of nymphs 
and adults on beets in the San Joaquin and Salinas valleys are also 
incorrect. The first large flights from the plains and foothills into the 
cultivated areas usually occur in April in the San Joaquin Valley. 
Records kept by the Spreckels Sugar Company since 1910, show that 
the spring flights into the beet fields of the Salinas Valley occurred 
during April or May except in 1925. During the 1925 outbreak of the 
beet leafhopper, the spring dispersal in the San Joaquin Valley began 
on March 29, and spring-brood adults were found on beets in the 
Salinas Valley on March 24 to 26. 

Pirst-brood nymphs which develop from eggs deposited by the 
dark adults wintering in the cultivated areas first appear in the beet 
fields during April in the San Joaquin and Salinas valleys. During 
the 1919 and 1925 outbreaks of the beet leafhopper, when many fields 
of beets were not harvested, nymphs were present during the winter 
in both valleys. 

SUMMARY 

The incubation periods varied from 11 to 55 days from February 
to October, the nymphal periods of the first brood from 23 to 37 days 
from April to October, and the egg and nymphal periods combined 
from 37 to 99 days. Eggs deposited from November 1 to January 15 
failed to hatch, or the nymphs died out-of-doors. During the winter 
there was a high mortality of the nymphs which hatched from eggs 
deposited during September and October. 

The average egg-laying capacity of five females was 350 eggs. The 
eggs do not develop without fertilization. 

Pour broods were bred in cages from the dark females wintering 
in the cultivated areas of the San Joaquin Valley. After the flight 
of the pale green adults of the first generation from the plain>s and 
foothills into the cultivated areas, four more broods were also reared in 
cages. The months of maximum emergence of the first to fourth 
broods bred from the dark females were the same as those in which 
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the second to the fifth broods were reared from the pale green leaf- 
hoppers as follows : June-Jnly, July-August, September-October, and 
October-November. The minimum period of the development of each 
brood was determined in the two series of life-histories, but not the 
average or maximum periods of each brood. 

Three generations of the beet leafhoppers occur in the San Joaquin 
Valley. The progeny which develops from eggs deposited by the dark 
adults wintering on the plains and foothills represents the first or 
spring generation. In years with late spring rains, a partial second 
brood may develop during May and June on the plains and foothills. 
Large numbers of pale green adults usually congregate near the 
entrance of Little Panoche Pass during April and mating occurs at 
sunset. A second or summer generation develops in the cultivated 
areas ; congregations of enormous numbers of leafhoppers, mating, and 
migrations occurred from June 26 to July 26, 1919. The autumn or 
third generation represents the dark adults, most of which fly to the 
plains and foothills during the autumn and mate. 

The minimum preoviposition period of first-brood adults was three 
days during July at a mean temperature of 80.3° P. The preoviposi- 
tion period of the dark overwintering females varied from three to four 
and one-half months, hence no eggs were deposited during the autumn. 
The following percentages of dark females collected during the winter 
on the Coast Range had fully developed eggs in the ovaries : December, 
4 per cent; January, 52-64 per cent; February, 86-99 per cent. 

The longevity of the dark overwintering females is seven or eight 
months under natural conditions. The length of adult life is greatly 
prolonged in cages. 

Yellow adults rarely winter over. Some specimens collected on the 
plains and foothills from October to January had mature eggs in the 
ovaries; while others, like the dark females, winter over without 
depositing eggs during the autumn. 

The dark males follow the females to the plains and foothills, mate 
during the autumn, and die during the winter. During the spring, 
however, most of the pale green males of the spring broods remain 
behind on the plains and foothills and probably die after the pasture 
vegetation becomes dry. After a flight had occurred during the 
spring, 8 per cent of the specimens collected in the cultivated areas 
were males and 92 per cent were females. After the invasion of the 
spring-brood adults into the cultivated areas, 92 per cent of the 
females had mature eggs in the ovaries. 
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PLATE 1 

Nymphs of Beet Leafliopper, Mutettix tenellus (Baker) 

Pig, a. First nymphal instar: upper, recently hatched nymph; lower, nymph 
previous to first molt. 

Pigs. h-/. Second to sixth nymphal instars one day after each molt showing 
color pattern. 

Pig. ff. Nymph previous to molting showing membraneous connections between 
the head and thorax and abdominal segments greatly stretched. 

Figs, h-j. Nymphs showing color variations. 
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PLATE 2 


Adults of Beet Leafhopper, Eutettix tenellvs (Baker) 

Pigs. a-c. Spring brood adults with pale green vertex and pronotum. Adults 
which acquire the winged stage on the plains and foothills during March and early 
April have dark markings on the elytra, those that pass through the last molt later 
in the spring have no markings on the wing covers. 

Figs, d, €. Summer brood adults with pale yellow or lemon vertex and 
pronotum. 

Figs, f-l. Dark overwintering adults showing color variations. 





PLATE 3 

Eggs and process of hatching of Beet Leaf hopper, Eutettix tenellm (Baker) 

Pig. a. Eggs deposited in petiole of sugar beet leaf. 

Pig. h. Eggs removed from petiole a few days after deposition. 

Pig. c. Eggs nearing the hatching period, showing pink eyes. 

Pig. d. Nymph enclosed in chorion, amniotic and vitelline membranes issuing 
from egg-slit in petiole. 

Pigs. e-f. Nymphs after extrication from embryonic membranes. 

Fig. g. Nymph ready to crawl away. Nymphs during the process of hatching 
as in figures d-/, when transferred with a camePs hair brush from a curly top to 
a healthy beet, failed to produce the disease. 
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PLATE 4 

Miscellaneous photographs of Beet Leafhopper, Eutettix teneUus (Baker) 

Pigs, a, h. White adults after last molt showing wings before and after 
expansion. 

Fig. 0 . Nymph shedding its skin. 

Fig. d. Plates at the end of the abdomen distinguish the male from other 
species. 

/• leafhoppers in coition. 

Fig. g. Semi-circular emargination of the last ventral segment of the abdomen 
distinguishes the female from other species. 
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INTRODUCTION 

Curculionid larvae are often responsible for serious injuries to field 
and truck crops, but correct determination of exact species is often 
impossible unless the imago is also taken, and even this is not always 
conclusive. With the introduction and rapid spread of such weevils 
as the vegetable weevil, Listroderes ohiiqiius Cyll., and the strawlierry 
root weevils, it is highly advisable for the entomologist to be able to 
determine the larvae. An attempt has therefore been made in this 
I)aper to characterize some of the mori‘ commonly encountered and 
important curculionid larvae. 
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Pantomorus godmani (Crotch) 

Figures 1, 7, 13, 19 

This is a widespread species probably introduced from Mexico. It 
is commonly known in economic literature as Puller’s rose weevil. 
The larv^ae live in the soil and feed on roots while the adults feed on 
leaves, flowers, and buds of alfalfa, apple, apricot, common and lima 
beans, blackberry, chrysanthemum, currant, grape fruit, lemon, oaks. 



Fig. 1. Pantomorus godmani (Crotch), dorsal view of head of larva. 

orange, peach, pear, pepper, plum, prune, potato, raspberry, roses, 
strawberry, and many other plants. Pupation occurs in a small cell 
in the soil. The species occurs throughout piost of North America 
and is a common pest in California. 

Larvae — 

Head chitinized ; distinctly longer than wide. 

Epicranial stem indistinct, epicranial arms wanting. 

Prons and epicranium bearing ten setae. 

Clypeus transverse, with triangular indentation which the epistoma 
fills. 
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Labrum broader than long- ; bearing on dorsal surface four setae. 

Bpipharynx bearing sixteen setae or sense cones of varying lengths, 
the surface is also rather densely studded with very minute spines or 
bristles. 

Ocelli wanting. 

Antennae located at anterior margin of frons. 

Mandibles rather stout, triangular, distinctly bifid at apex; dorsal 
surface with two setae ; apex jet black. 

Maxilla with cardo distinct and simple; mala at apex obtuse, 
ventral surface smooth, dorsal surface with longitudinal row of eight 
setae ; maxillary palpus extending by one-half its own length beyond 



Fig. 2. Brachyrhinus sulcatus (Fab.), dorsjil view of Lead of larva: a, antenna; 
c, tdypeus; e, epicranium; /, front; /, labriiin ; w, mandible. 

mala, two-segmented, terminal segment with approximately six small 
terminal setae, basal segment with three large setae two dorsal and one 
ventral, palpifer with single setae. 

Ligula slightly bilobed, membraneous. 

Labrum membraneous, labial palpa one and one-half times as long 
as first segment of maxillary palpus. 

Mentum chitinous, with three prominent anterior projections and 
one posterior projection as in the genus Brachyrhinus. 

Gula rather large, subtriangular. 

Thorax and abdomen with prominent setae. 

Spiracles lateral, with oval openings. 

Color white, tips of mandibles and setae brown. 

Length of mature larvae 8 mm. 

Specimens studied from San Jose, California. 
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GJ^NERIC CHARACTERS OP Brachyrhinus LARVAE POUND IN 
THE UNITED STATES 

Head reddish-brown, slightly longer than wide, sides arcuate, 
junction of epicranial stem and apex forming triangular incision. 

Epicranial stem and arms distinct. 

Prons subtriangular, as wide as long, with four setae. 

Labnim subtriangular, broader than long, four setae on dorsal 
surface. 

Epipharynx bearing fourteen setae or sense cones of varying 
lengths. The surface is also densely covered with very small spines. 

Ocelli wanting. 

Antennae located at lateral angle of frons. 

Mandibles stout, triangular, one dorsal setae, apex black. 

Maxilla with cardo distinct and undivided, mala at apex obtuse, 
ventral surface smooth, dorsal surface with a longitudinal row of 
simple setae; maxillary palpus extending slightly beyond mala, two 
segmented, attached to a large membraneous palpifer visible from 
ventral aspect, basal segment with large dorsal setae. 

Ligula bilobed, membraneous. 

Labrum membraneous; labial palpa short, of two segments, with 
short terminal setae. 

Mentum chitinous, with three prominent anterior projections and 
one posterior one. 

Gula wider than long. 

Thorax and abdomen with many prominent setae. 

Spiracles lateral, with oval openings. 

Color white, tips of mandibles black, setae brown. 


Brachyrhinus sulcatus (Pab.) 

Figures 2, 8, 14, 20, 25 

An introduced species; the larvae feed on the roots of blaekl>erries, 
cranberries, loganberries, primroses, raspberries, strawberries, and 
many other plants. Occurs in many parts of North America and 
is (piite common in California, Oregon, Washington, and British 
Columbia. 

Larvae — 

Mandibles with apex rounded. 

Maxillary palpus with five to eight setae on distal end. 

Mala with eleven setae on dorsal surface. 

Mentum with middle projection as long as lateral. 

Gula region broadly transverse. 

Length of mature larvae 8 mm. 

Specimens studied from Berkeley, Niles, and San Jose, California. 
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Pupa — 

Head exposed, flexed against the prosternum ; mandibles parallel 
to body axis; dorsal surface with twelve recurved setae arising from 
tubercles. 

Pronotum with median longitudinal impressed line; base slightly 
incised, basal angles broadly rounded; sides and apex arcuate; lateral 
margin with two setae ; apex with four slightly recurved setae arising 
from prominent tubercles ; lateral setae twice the size of median setae ; 
central area with four setae, posterior pair very small. 

Elytra with faint striae. 

Legs prominent laterally, not appressed against the body, dis- 
tinctly compressed and comparatively broad; tarsi indistinguishable; 
distal end of femur with two, unequal, and slightly recurved setae 
arising from tubercles. 

Abdominal segments convex dorsally, less so ventrally ; dorsal sur- 
face with longitudinal row of setae on each segment ; setae on posterior 
segments more robust than setae on anterior segments ; ventral surface 
without setae except last two segments; apex terminating in two, 
chitinous, brown tipped, spine-like processes. 

Color of alcoholic specimens yellowish white, setae brown. 

Length 8 mm. ; width from knee to knee 5 to 5.5 mm. 

Specimens studied from Berkeley and San Jose, California. 

Pupation occurs in an earthen cell in the soil. 


Brachsrrhinus ovatus (Linn.) 

Figures 3, 9, 15, 21, 26 

An introduced species, very injurious in the larval stage, which 
feeds on the roots of strawberry, raspberry, and related plants. The 
adult is known to feed on the leaves and fruit of strawberry, rasp- 
berry, grape, apple, peach, and many other plants. It occurs in many 
parts of North America and is a serious pest of strawberries in British 
Columbia, Washington, and Oregon in the west. It has been recently 
found in Del Norte and Humboldt counties, California. 

Larvae — 

Mandibles with bifid apex. 

Maxillaiy palpus with five to eight setae on distal end. 

Mala with eight setae on dorsal surface. 

Mentum with middle projection as long as lateral. 

Gula region triangular. 

Length of mature larvae 6 mm. 

Specimens studied from Woodburn, Oregon. 

Pupa — 

Head exposed, flexed against the prosternum ; mandibles transverse 
to body axis; dorsal surface with twelve recurved setae arising from 
tubercles. 
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0. Listroderes ohliquus Gyll., dorsal view of head of larva* 

Fig". 7. Pantomorns godmani (Crotch), buccal side of mala: c, cardo. 
Fig. 8. Braohyrhmus sulcatus (Fab.), buccal side of mala. 

Fig. 9. Brachyrhinus ovatus (Linn.), buccal side of mala. 

Fig. 10. Brachyrhimis rugoaostriatus Goeze, buccal side of mala* 

Fig. 11. Eypera punctata (Fab.), buccal side of mala.. 

Fig. 12. Listroderes ohliquus Gyll., buccal side of mala. 
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Pronotum evenly convex ; base truncate, basal angles broadly 
rounded; sides arcuate, with two setae; apex arcuate, with four 
recurved setae arising from tubercles; central area with two small 
setae. 

Elytra^ without any trace of striae. 

Legs prominent laterally, not appressed against the body, dis- 
tinctly compressed and comparatively broad ; tftrsi indistinguishable ; 
distal end of femur with two, unequal, strongly recurved setae arising 
from tubercles. 

Abdominal segments convex dorsally, less so ventrally ; dorsal sur- 
face, except last two segments, with but few feeble setae, last two 
segments with longer and more robust setae ; apex terminating in two, 
chitinous, brown tipped, spine-like processes. 

Color of alcoholic specimens yellowish white, setae brown, append- 
ages somewhat semitranslucent. 

Length 7 mm. ; width from knee to knee 3.5 mm. 

Specimens studied from Woodburn, Oregon. 

Pupation takes place in an earthen cell in the ground. 


Brachyrhinus rugosostriatus Goeze 

Figures 4, 10, 16, 22, 27 

An introduced species, injurious in the larval stage to the roots of 
strawberries, blackberries, loganberries, and raspberries. In Cali- 
fornia it hiis been known for some time to occur in Humboldt and Del 
Norte counties, but has recently been taken in Santa Clara and 
Alameda counties. 

Larvae — 

Mandibles with apex bifid. 

Maxillary palpus without setae at distal end. 

Mala with eight Setae on dorsal surface. 

Mentum with middle projection longer than lateral. 

Gula region broadly transverse. 

Length of mature larvae 5 to 5.5 mm. 

Specimens studied from Mt, Eden, California. 

Pupa — 

Head exposed, flexed against the prosternum ; mandibles oblique to 
body axis ; dorsal surface with ten recurved setae arising from 
tubercles. 

Pronotum evenly convex ; base slightly incised, basal angles rather 
acute; sides and apex arcuate; lateral margin with two small setae; 
apex with four recurved setae ; central area with two setae. 

Elytra with distinct striae. 

1 In a series of pupae from Woodburn, Oregon, all the elytra are transverse to 
the body axis ; as this series was the only material that I was able to examine, I do 
not know whether this condition is due to the method of preservation or not. 
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Fig. 13 Fig. 14 Fig. J5 



Fig. 19 Fig. 21 



Fig. 20 

Fig. 13. Pantomoinis godmani (Crotch), epipharynx. 

Fig. 14. Brachyrhinm suloatus (Fab.), epipharynx. 

Fig. 15. Brachyrhinus ovatus (Linn.), epipharynx. 

Fig. 16. Brachyrhinus rugosostriatus Groeze, epipharynx. 

Fig. 17. By per a punctata (Fab.), epipharynx. 

Fig. 18. Listroderes ohliquus Gyll., epipharynx. 

Fig. 19. Pantomorus godmani (Crotch), ventral view of mouth parts : gula; 
i, ligula; I, labrum; I pa, labial palpus; m, mentum; mx pa, maxillary palpus. 
Fig. 20. Brachyrhinus sulcatus (Fab.), ventral view of mouth parts. 

Fig. 21. Brachyrhinus ovatus (Linn.), ventral view of mouth parts. 
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Legs prominent laterally, not appressed against the body, dis- 
tinctly compressed and comparatively broad ; tarsi indistinguishable ; 
distal end of femur with two, unequal, slightly recurved setae. 

Abdominal segments convex dorsally, less so ventrally ; dorsal sur- 
face with row of setae to each segment ; setae on segments one to four 
very minute ; last three segments with robust setae ; apex terminating 
in two chitinous spine like processes. 

Color of alcoholic specimens yellowish white, setae brown. 

Length, 7 mm. ; width from knee to knee, 3.5 to 4 mm. 

Specimens studied from Mt. Eden, California. 

Pupation takes place in an earthen ceil in the soil. 




Pig. 22 


Fig. 23 


Pig. 24 



Pig. 22. Braohyrhinus rugosostriatus Goeze, ventr,!! view of mouth parts. 
Fig. 23. Uypera punctata (Pab(.), ventral view of mouth parts. 

Pig. 24. Listroderes ohliquus Gyll., ventral view of mouth parts. 


Hypera punctata (Fab.) 

Figures 6, 11, 17, 23 

An introduced species, the larvae of which feed on the leaves of 
clover, alfalfa, beans, and related plants. It has been taken through- 
out the eastern states and on the Pacific coast from British Columbia 
to California. 

Larvae — 

Head chitinized ; yellowish brown, darker than rest of body ; sides 
sub-parallel. 

Epicranial stem and arms distinct. 
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Prons triangular ; slightly wider than long ; rather broadly arcuate 
at clypeal suture; provided with eight large setae. 

Clypeus broadly transverse. 

Labrum broader than long; bearing on dorsal surface two setae. 
Epipharynx bearing ten setae or sense cones of varying lengths. 
Ocelli (two) on lower part of each epicranial half, separated by 
three times their own diameter. 

Antennae located at anterior margin of frons. 



Mandibles stout, triangular, single tooth at apex; dorsal surface 
bearing one setae ; apex black. 

Each epicranial half with five setae. 

Maxilla with cardo distinct and simple; mala at apex obtuse, 
ventral surface smooth, dorsal surface with two rows of setae, inner 
row of six setae, outer row of three setae ; maxillary palpi not extend- 
ing beyond mala, two segmented, terminal segment with twelve to 
fourteen small terminal setae; palpifer bearing two large setae on 
ventral surface, 

Ligula and labrum membraneous; labial palpus two-segmented, 
with small terminal setae. 
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Mentum represented by a narrow and rather heavily chitinized 
ring. 

Gula small and poorly defined. 

Thorax and abdomen with prominent setae; last abdominal seg- 
ment small and ventral. 

Spiracles lateral and with oval openings. 

Color of alcoholic specimens yellowish white with darker head and 
brown setae. Tower and Fenton (1920) give a detailed account of 
the natural color for each instar. 

Length of mature larvae 8 to 14 mm. 



Specimens studied from Pullman, Washington ; Forest Grove, 
Oregon ; and Maryland. 

The mature larvae form a cocoon of open meshwork in the soil or 
in the debris at the base of the plant. 

Listroderes obliquus Gyll. 

Figures 6, 12, 18, 24, 28 

This destructive insect has been recently introduced into Cali- 
fornia, but it has been known for years in Louisiana and Mississippi. 
It is omnivorous in habit, but carrots, turnips, spinach, and tomatoes 
are especially favorite host plants. It feeds either above or below 
ground. 
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Larvae — 

Head chitinized; brown with spotted patches of black or dark 
brown; somewhat circular in outline, but distinctly truncate at base 
when seen from frontal aspect, a dorsal view of the larvae with the 
head extended shows a broad and shallow triangular incision at the 
junction of the two epicranial halves and the apex of the epicranial 
stem. 

Epicranial stem and arras distinct. 

Frons subtriangular, wider than long; provided with eight setae. 

Clypeus broadly transverse, with triangular incision which the 
epistoma fills. 

Labrum broader than long ; two large setae on dorsal surface. 

Epipharynx with twelve setae or sense cones. 



Each epicranial half with three setae on dorsal surface. 

Two ocelli on lower part of each epicranial half. 

Antennae at anterior margin of frons. 

Mandibles stout, triangular, and bifid at apex. 

Maxilla with cardo distinct and simple ; mala at apex rather acute, 
ventral surface with four setae, dorsal surface with longitudinal row 
of six setae; maxillary palpus extended beyond mala, composed of 
two segments, terminal segment with small setae at tip, palpifer with- 
out setae. 
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Ligula, labrum, and mentum membraneons and fused together, 
labial palpa of two se^ents, as long- as mixillary palpus. 

Thorax without setae; dorsal surface convex; ventral surface less 
so ; segments distinctly separated from one another by infoldings of 
the surface. Prothorax wider than long; tergal region with a dark 
brown, heavily chitinized, transverse band narrowly divided at the 
meson, the ends not reaching the spiracles and separated from them 
by the width of the chitinous band. Mesothorax and metathorax with- 
out chitinous dorsal plate, otherwise similar to prothorax. 

Abdomen without setae; dorsal surface convex; ventral surface 
rather flattened; narrowed toward caudal extremity; tenth segment 
small and ventral. 



Spiracles lateral, with circular openings bordered by chitinous 
rings. 

Color of alcoholic specimens yellowish white. The color of the 
living larvae on first hatching is yellowish white with a black head 
and prothoracic plate. The color gradually changes to a translucent 
pale green when the larvae is about one-third full grown and this is 
the normal color of the fully developed larvae. 

Length of full-grown larvae 12 mm. 

Specimens studied from Berkeley, San Francisco, and San Jose, 
California. 
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Pupa — 

Head exposed, flexed against the prosternum ; mandibles not visible 
from above ; dorsal surface with sixteen short setae arising from small 
tubercles. 

Pronotum evenly convex; base arcuate, with eight setae, basal 
angles rather acute; sides arcuate, with single setae; front truncate 
and without marginal setae; three pair of setae arranged over the 
central area. 

Elytra with distinct striae ; a prominent brown tipped tubercle on 
the center of each elytron. 

Legs prominent laterally, not appressed against the body, dis- 
tinctly compressed and comparatively broad; tarsi indistinguishable; 
distal end of femur with two unequal setae. 

Abdominal segments convex dorsally, less so ventrally ; dorsal sur- 
face with median longitudinal impressed line; each segment with 
transverse row of setae, apex terminating in two, brown, chitinous, 
spine-like processes. 

Color of alcoholic specimens yellowish white, setae brown. McCarthy 
(1927) gives the color of the pupa as follows; “The head and thorax 
are light green, but the abdomen is slightly darker, and the rostrum, 
legs, antennae, and wing-pads are pale yellow.” 

Length 9 mm. ; width from knee to knee 5 mm. 

Specimens studied from Berkeley and San Jose, California. 
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INTRODUCTION 

The study of forest entomology in America has been limited almost 
entirely to the insects more important economically, chief among 
which are the bark and wood borers. There is, however, another field 
of investigations which has been much neglected — a study of the 
associated insect fauna. After bark and wood borers have success- 
fully overcome the resistance of living trees, an environment is estab- 
lished which attracts numerous species of insects of secondary import- 
ance, represented chiefly by the orders of Coleoptera, Diptera, and 
Hymenoptera. The importance of many of these forms comes about 
through their effect on the primary insects, directly as predators and 
parasites, and indirectly as scavengers or phytophagous feeders, 
diverse rdles in which they affect the development of the primary 
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insects. Of these the order Coleoptera is represented by the greatest 
number of species and for this reason the writer has selected a few of 
the more important representatives of this order for this study. 

The literature dealing with the biology of the Coleoptera found 
associated with bark beetles under the bark of dead or dying forest 
trees is very limited. Perris (1852) made one of the earliest contri- 
butions in his studies of the insects infesting the maritime pine, 
which covered a period of ten years, 1852-1862. Forest entomologists 
in Europe and America have observed the habits of a great many 
associated insects and have recorded them in the literature, but no 
comprehensive studies have been made in this country. The biology 
of associated Coleoptera in western yellow pine is still untouched 
except for a few species. Person (1928) in an unpublished report 
has worked out the life-history and habits of the clerid, Enoclerus 
lecontei Wole., a very important predator of Dendroctonus hrevicomis 
Lee., and of Temnochila virescens var. chlorodia Mann, another 
important general predator. But the biologies of the vast majority of 
associates are still unknown. This study was undertaken to fulfil a 
threefold purpose: first, to further the biological knowledge of the 
lesser known bark Coleoptera; second, to determine the importance of 
some associated Coleoptera in relation to bark beetle control; and 
finally, to secure a greater knowledge of the immature stages to be 
found under the bark. Four species have been studied, which are 
representatives of three families as follows: Histeridae, Platysoma 
punctigerum Lee. and Plegaderm nitidus Horn ; Tenebrionidae, Hypo- 
phloeus substriatus Lee. ; Staphylinidae, Nndobius pugetanus Csy. 
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METHODS 

The life-history stages of the beetles included herein were taken 
in the yellow pine areas of Modoc County, California, during the 
summer seasons of 1928 and 1929. Most of the field studies were 
carried on in the North Warner Mountain district embracing an area 
ranging in elevation from 5000 to 6000 feet. Trips were frequently 
made to the western portion of the county to secure further data on 
life-histories. 

Rearing experiments were conducted in the field laboratory of the 
United States Bureau of Entomology. These experiments were car- 
ried on in two ways: First, approximately 500 adult Bendroctonm 
hrevicomis Lee. were introduced into each of two rearing cages, which 
contained fresh green logs. After the beetles had attacked the logs, 
approximately 100 of each species of secondary insects were placed 
in the cages with them, so that in each log there were 500 adult 
Dendroctonv^ hrevicomis Lee. and 100 each of the associates. One 
cage was kept as a check and the other was used for study purposes, 
the developments being noted once each week. In the second type of 
experiment, rearing was conducted in glass jars in which were placed 
green blocks of wood with the bark attached. Fifty adult specimens 
of Dendroctonus hrevicomis Lee. were placed in each of the jars used. 
When the wood was well infested, 50 specimens each of all the beetles 
studied were placed in the respective jars, so that, in each jar, there 
were 50 specimens of the bark beetles and 50 specimens of a single 
species of an associated insect. Weekly observations were made in 
order to study feeding habits and brood development. Feeding experi- 
ments were conducted in the laboratory by placing associates in vials 
with their supposed hosts. 

Studies were also carried on under natural field conditions. For 
this purpose thirty trees were cut as follows during the 1929 season : 
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one tree killed during the summer of 1928, twenty trees killed during 
the autumn of 1928 (by overwintering Dendroctonus brevicomis Lee,), 
and nine trees killed during 1929. Studies were also made on trees 
cut during 1928 and data were secured as well on trees killed during 
1927. Certain trees were selected by the writer for careful weekly 
observations of the insects in all stages of development and for the 
study of their feeding habits. 

All morphological and taxonomic studies were conducted in the 
Entomological Laboratory of the University of California. Drawings 
were made with the aid of the camera lucida. 


HISTERIDAE 

The family Histeridae is a moderately large group of beetles with 
very hard integument. Most of them are small or medium-sized hav- 
ing the elytra truncate behind leaving two segments of the abdomen 
exposed’'^ and nearly all are of a shining black color. All members 
are predaceous, .so far as is known. They are found in the carcasses 
of dead animals, in excrements, in ants^ nests, and under the bark of 
trees. The species discussed in this paper, Platysoma punctigerum 
Lee. and Plegaderus nitidus Horn, are found under the bark. 


Platysoma punctigerum Lee. 

The genus Platysoma was erected by Leach in 1817 and adox)ted by 
Erichson in 1834. De Marseul in his monograph (1853) described 
thirty species. Several species have been added since. Blatchley 
(1910) treated Platysoma as a subgenus of Hister belonging to the 
tribe Histrini. Gusev (1928) placed it under Cylistoma, At the 
present time, however, Platysoma is recognized by most workers as a 
distinct genus. It is treated under the subfamily Histrinae in Leng's 
catalog (1920). This is a very ancient genus .as shown by Handlirsch 
(1921). He reports Platysoma from Baltic amber, the Miocene of 
Florissant, and the Quaternary of England. 

Two of the members of this genus have been studied in detail. 
Perris worked out the biology of Platysoma oblongum Pab. in mari- 


^ Blatcbley, p. 598. 
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time pine and permitted De Marseul (1853) to use his observations. 
To quote from De Marseul on the habits of the larva ; 

Cette larve est exelusivement carnassi^re. En Mai, le Platysoma $ suit le 
Tomicus stenographus, qui perfore l'4corce au Pin, depose ses oeufs dans les 
galieres et entre les oeufs de cellui-ci. La larve parasite qui en 6cl6t d6vore 
ses hdtes, et au bout de cinq mois environ, ses Evolutions aehevEes. 

‘ ‘ The larva of Platysoma compressum Herbst is thoroughly described 
and figured by I. C. Schiodte in Naturhistorisk Tidsskrift, ser. 3, 
vol. 3, pp. 153-154, pi. 2, 1864.^^ Platysoma urvUlei Le Guill. is noted 
by Holdhaiis (1927) to be very abundant under the bark and wood of 
several kinds of trees on the islands of Wallis, Vavao, and Tahiti. 

‘‘The imago of Platysoma deplanatum Gyll. is mentioned by Saalas 
(1917) as a typical insect under the bark of Populiis tremula, Betula 
and Pinus, and the imago of Cylistosoma Platysoma) angmtatum 
Hoffm. under bark of Pinus silvesiris, Picea excelsa and also of 
Quercus ruher. In the same work Saalas treats the biology of Cylis^ 
tosoma {= Platysoma) lineare Er., which he records from below the 
bark of pine and spruce and common in the galleries of Ipidae ; he 
comments on the characters of its larva and pupa giving figures of the 
anatomical details of the larva and a drawing of the pupa. ' ^ 

Platysoma punctigerum Lee. was first described as Hister (Platy- 
soma) punctigerhy Leconte (186JL) from material taken in California. 
This species is distributed throughout the yellow pine regions of 
Oregon, California, and Arizona. It occurs in moderately large 
numbers under the bark of trees recently killed by Dendroctomus 
brevicomis Lee. or other scolytid beetles, and is considered an 
important predator. 


Description op Stages 
Figures A and B 

Eggs. — ^Length 1-1.40 mm., elongate; color pearly-white; one to 
three eggs maturing at a time. 

Larva. — ^Mature length 8-9 mm. ; head two-thirds as long as thorax, 
chitin much hardened, cranial suture forming a Y; “ocelli absent: 
each antenna three segmented, the terminal segment much smaller 
than the others and inserted on the inside of the top of the middle 
segment; on the outside is found a small tactile cone; clypeus and 
labrum are fused together and with frons forming a nas^e which 
anteriorly projects into a pair of not entirely symmetrical, short, 
rectangular, lobe-like teeth that are separated by a shallow emargina- 
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1; eggs; 2a, larva (dorsal aspect) ; 2b, head of larva (dorsal) ; 2c, enlargement 
of hairs at base of mandible; 2d, mandible; 2e, antenna; 2/, maxilla; 2p, labium; 
2hf posterior end of abdomen (ventral) showing cerci; 2i, spiracle; 2j, leg; 2A;, 
cereus ; 3, pre-pupal larva. 
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tion as wide as each tooth’’; mandibles heavy containing two teeth on 
the inner surface, the lower very much larger than the upper one, 
and incurved ; base of mandible with patch of hairs on inner surface ; 
maxillae large with row of hairs on inner surface; maxillary palpi 
of four segments ; three segments and palpiger developed as a basal 
joint carrying a papilla-like galea with a stout terminal bristle”; all 
segments containing scattered sensory pits ; labium with two-segmented 
palpi, ‘‘and no ligula.” 

Prothorax as long as mesothorax and metathorax combined, chi tin 
hardened, quadrate with sides nearly parallel, with dorsal median 
suture ; mesothorax with chitin much hardened “with a pair of heavily 
chitinized dorsal plates” and containing a pair of spiracles on lateral 
ventral margin near junction with the prothorax ; metathorax not so 
hard ; legrs ‘ ‘ inserted on the sides and widely apart, moderately long, 
five jointed ending with a tarsal joint that is strong, falciform, claw- 
like and carries a short bristle at base.” 

“Abdomen consists of ten segments. Each of the first eight seg- 
ments are dorsally armed with from two to four, usually three, rows 
of spines, ventrally with one row; each segment carries a pair of 
lateral spiracles. The ninth abdominal segment is almost as wide and 
considerably longer than the eighth abdominal segment, is without 
rows of spines and bears a pair of anal cerci, each cercus consisting of 
two segments, of which the terminal is more slender and twice as long 
as the proximal ; both segments have two long, stout hairs. The tenth 
abdominal segment is developed as a short, subcylindrical, soft 
pygopod which bears the anal aperture in the center of the sucking 
surface. Spiracles bifore and sessile.” 

Brepupal larva, — Head and thorax bent in toward abdomen; abdo- 
men somewhat shortened, the last four segments drawn closely 
together ; the ninth abdominal segment much distorted but still retain- 
ing the two-segmented cerci. 

Pupa. — White, delicate, in cell hollowed out in frass; quadrate, 
head buried beneath pronotum, entire thorax with parallel sides; 
abdomen usually conical, the last segment with vestiges of anal cerci. 

Adult. — Four to 5 mm. long, 1.5 to 2 mm.^ wide, quadrate, shining 
black ; elytra covering first two abdominal and half of third abdominal 
segments, rarely covering first three entirely. 

Head small, round, with transverse suture on vertex between com- 
pound eyes ; another suture extending across front ; capable of being 
extended or retracted from pro thorax ; chitin much hardened and with 
scattered pits. Antennae inserted in pit between mandibles and base 
of compound eyes; scape as long as funiculus and club combined, 
funiculus seven-segmented, club three-segmented, covered with num- 
erous hairs. Mandibles heavy, with one tooth and a row of hairs on 
inner margin. Maxillary palpi four-segmented, with scattered pits; 
galea and lacinia with numerous hairs on inner surface. Labial palpi 
three-segmented with scattered pits; paraglossae not joined at base; 
fringed with tactile hairs on inner surface. 

Pronotum quadrate with anterior end incurved to receive head 
when retracted, sides parallel; prostemum with rounded out-curved 
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lobe extending anteriorly, separated from mesosternum by membrane ; 
tibiae of fore legs broad, four-dentate on outer margin, containing 
groove on ventral surface, two striae on outer edge of dorsal surface, 
tarsi five-segmented, the terminal segment longer than the others and 
bearing the claw, 

Mesosternum narrow with heavy sutures on lateral margins near 
junction of median pair of legs; tibiae of median legs not so broad as 
fore legs, outer margin three-dentate, tarsus, five-segmented as in 
fore legs; elytra shining black containing six longitudinal striae on 
each elytron, the inner two striae of each elytron shorter than the 
others. 

Metasternum with longitudinal median suture joining transverse 
suture which extends laterally. to grooves containing hind pair of legs; 
tibiae of hind legs two-dentate on outer margin, narrower and more 
slender than tibiae of the other two pairs of legs ; tarsus five-segmented. 

Abdomen of five segments. Ovipositor of female longer than abdo- 
men, of five segments, mostly membranous, protruding from fifth or 
anal segment, and bearing two very rigid claspers. 


Life-History and Habits 

Platysoma punctigerum Lee. spends the winter under the bark only 
in the adult stage. The adults gain entrance by means of the ventila- 
tion holes^ which are bored by bark beetles. They remain dormant in 
the bark beetle egg galleries until the approach of warm weather in 
spring when they again become active and search for food. By this 
time they have also become sexually mature, and the warmth stimu- 
lates them to mate and lay eggs. Egg-laying begins ordinarily in May 
and continues for a period extending over three to five weeks. The 
eggs are deposited along the sides of bark beetle egg galleries and 
sometimes in the frass material. They are laid ordinarily in small 
groups, the eggs rarely exceeding three in number. 

Within ten days to two weeks, depending on the temperature con- 
ditions, the young larvae hatch out. They are voracious predators, 
actively running from one place to another in the bark beetle galleries 
in search of food, which normally consists of various small coleop- 
terous and dipterous larvae. Platysoma punctigerum Lee. larvae have 
been observed by the writer to feed upon the larvae of Nudohius puge- 
tanus Csy., Othnius lugubris Horn, and Diptera. They are also can- 
nibalistic. The fact that Dendroctonus brevicomis Lee. larvae bore 
within the bark makes it impossible for P. pu^nctigerum Lee. to prey 
upon them. 

2 Small holes bored to the outside at intervals along the egg galleries during 
construction. 
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The larval development of P. punctigerum Lee. is rapid ; only four 
to six weeks are required at temperatures between 65 and 90® F, The 
time required for Platysonia to complete its larval development is but 
slightly longer than that required for the development of D, brevicomis 
Lee. either remain in the tree where they were reared or fly to a 
out an elliptical pupation chamber in the frass material of bark 
beetles. The chamber is about half the length of the larva and slightly 
wider. The larva rests with the head and thorax bent in against the 
abdomen. It loses the use of all appendages ; any movement which it 
makes when disturbed is accomplished by rotating the abdomen. This 
I)repupal stage endures only from two to four days, after which the 
pupa is formed. The pupal stage lasts from ten to fourteen days. 

When the adult emerges it is a pale yellowish-red. The color of the 
body gradually intensifies, turning darker red, maroon, and finally 
shining black with reddish-brown legs. The changes in color are due 
to depositions of pigment. The adults of Platysoma punctigerum 
Lee, either remain in the tree where they were reared or fly to a 
tree which has been recently killed. They are predaceous feeders. 
Their prey is not limited to a single species, but consists of many of 
the larval and adult stages of insects to be found under the bark. 
The writer has observed them feeding on the following insects: 
Dendroctonus brevicomis Lee. adults, Hypophloeus suhstriatus Lee. 
adults, Othnius lugubris Horn larvae, Graphisurus spectabilis (Lee.) 
larvae, dipterous larvae, Ips emarginatus Lee. adults, and Platysoma 
punctigerum Lee. larvae and adults. They attack their prey by 
approaching it from the rear and usually when it is in a tightly con- 
fined space. . The adult insects are attacked at a point where the tissue 
is not heavily chitinized, usually at the juncture of the head and 
prostemum. The size of insect is evidently not a limiting factor in 
food selection by this species as shown by the attack made on a fully 
grown Graphisurus spectabilis (Lee.) larva, which is twenty to thirty 
times the size of Platysoma, 

The total period required to complete a life-cycle during the sum- 
mer is from seven to nine weeks, depending largely on temperature 
conditions. In the Modoc region during 1929, mature eggs were dis- 
sected from females by the writer on the 24th of May. Eggs were 
seen from time to time in the field from June 14 until the first of 
July. Fully grown larvae were first noted July 6, prepupal larvae 
July 10, pupae July 12, and adults July 25. Fully grown larvae, 
pupae, and adults were commonly found August 1. Thus a genera- 
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tion which is begun the first of June or later is completed by July 25 
or later. 

The adult insects which are produced in the first summer genera- 
tion enter trees which have been recently attacked by Dendroctonus 
hrevicomis Lec. A small percentage of them remains in the tree where 
they were reared. A second brood appears between September 25 and 
October 15, the adults of which hibernate. Thus two complete genera- 
tions are produced during the summer, the second overwintering. 


Importance as a Beneficial Insect 

Platysoma punctigerum Lec. is very definitely predaceous on 
Dendroctonus hrevicomis Lec. adults and was at first thought to be of 
considerable value as a possible natural control. Later investigations 
showed that it entered the egg galleries of Z). hrevicomis Lec. from 
three weeks to a month after its host had made its attack and at that 
time egg-laying was very nearly completed. Thus this beetle would 
have very little effect on the developing broods except where the 
development was unusually slow. Some of the D. hrevicomis Lec. 
^‘parent adults^’ that are preyed upon by Platysoma punctigerum Lec. 
would ordinarily bore out of the bark at the end of four or five weeks 
and infest other trees.^ P, punctigerum Lec. in this respect may be of 
great value. 


Plegaderus nitidus Horn 

The genus Plegaderus, described by Erichson (1834), is repre- 
sented by small species of insects which are found under the bark of 
trees. Leconte and Horn (1883) place this genus in the subtribe 
Saprini of the tribe Histrini. Leng (1920) treats it as a genus of the 
subfamily Histrinae in which he is followed by most later systematists 
though Handlirsch (1923) places it in the tribe Abraeini Seidl. The 
members of this genus are 

small oblong species having a broad prosternum with a deep channel on each 
side extending from, the lobe to the tip, and also a broad transverse groove 
which divides the median convex portion of the prosternum into two unequal 
portions. The thorax has a deep groove on each side and also, usually, a 
transverse impression which divides it into two unequal parts.-^ 

8 The habit of Dendroctonus hrevicomis Lec. in this respect has been noted 
by field men of the Bureau of Entomology, and may be of great importance. 
Studies on this habit of other species of bark beetles have been published by 
Orest, Marcu (1926), and Simpson, L. J. (1929). 

4 Blatchley, Coleoptera of Indiana, p. 624. 
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Very little is known about the biology of any of the members of this 
genus. Packard (1890) quotes Perris on the larval habits of Plega- 
derus discisus Er. : ‘‘The larvae or grubs of Plegaderus discisus 
destroy the young of Crypturgus pusillus,*^ Jacquelin du Val (1857) 
quotes this habit from Perris and it is also noted by Niisslin (1913). 
“Saalas (1917) records that the species Plegaderus saucius lives in 
the galleries of Myelophilus piniperda in spruce and Ips typographicus 
in pine, thus being of great economic importance as an enemy of some 
of the most injurious barkbeetles; he furthermore comments on the 
systematic characters of the larva and figures its ninth abdominal 
segment. The author also treats the different stages of the species 
Plegaderus vulneratus giving much biological information about its 
prey, life cycle, hibernating habits, occurrence, etc., and furnishes an^ 
elaborate, almost four pages long, description of the mature larva 
illustrated with a habitus figure and six drawings of anatomical 
details.’’ Sixteen species occur in the United States, five of which 
are found in California.® 

Plegaderus nitidus was described by Dr. G. H. Horn (1870) from 
a specimen which was taken in Nevada. This species is commonly 
found under the bark of yellow pine infested with bark beetles. It is 
distributed throughout the yellow pine regions of Nevada, California, 
and Oregon and is easily distinguished from other insects of yellow 
pine by its small sise and shining black color. 


Description op Stages 
F igure C 

Eggs ^. — Very small, white; length about .1 mm.; acorn-shaped, 
having a cap-like structure at the broad end. 

Larva . — ^Length when mature about 4 mm.; color of head and 
prothorax light brown, balance of body white to cream; general 
appearance the same as the larva of Platysoma punctigerum Lee., 
except for size and a few' other characters as follows: “Head more 
elongate; nasale less projecting, with three large teeth, of which the 
median tooth is quadrangular and anteriorly straight ; antenna termin- 
ally with two small tactile cones seated in the oblique top of the middle 
segment; mandible falciform, on the inner margin with only one 
strong tooth which is placed slightly behind the middle; maxillary 
palpus four segmented, palpiger with the papilliform galea developed 
as a basal segment of the palpus; each labial palpus is inserted on a 

slieng, pp. 137-138. 

0 Eggs were obtained only by dissection of gravid females. 
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Fig. C. Flegaderua nitidus Horn 


,1a, larva (dorsal aspect); 15, larva (lateral aspect); la, head of larva 
(ventral) ; Id, lateral aspect of an abdominal segment showing spiracle and 
pseudopod; la, spiracle; 1/, pygidium and anal cerci; 2, eggs; 3, pupa; 4a, dorsal 
aspect of adult; 45, ventral aspect of adult; 4a, mandible ; 4d, labrum; 4a, antenna; 
4/, maxilla; 4^, labium* 


118 University of California Pxiblications in Entomology 5 

socle-shaped projection from prementum and is three-segmented with 
the proximal segment short, the median four times as long as the 
proximal and the distal segment slender, somewhat less than half as 
long as the median and is terminally beset with a few hairs. Meso- 
thorax without a pair of thick dorsal shields; both meso- and meta- 
thorax with a dorsal arrangement of setae very similar to that of the 
abdominal segments ; each leg about as long as the antenna, tarsal seg- 
ment clawlike, straighter than in P. punctigerum. Most of the 
abdominal segments carry on the dorsal side a single transverse 
median row of hairs and besides this a somewhat denser row both 
along the anterior and the posterior margins of the segment. Ninth 
abdominal segment much shorter and narrower than the preceding 
and its sides strongly converging posteriorly ; cerci diverging, obtuse, 
conical and short, about one and a half times as long as wide, indis- 
tinctly two-segmented with proximal segment much larger than the 
terminal ; both segments with several stout bristles. ’ ^ 

Pupa. — White, . small, delicate, in frass material under bark, no 
si)ecial cells constructed; head drawn in against prosternum; length 
2 mm., width 1 mm. ; thorax somewhat quadrate ; abdomen conical, 
with vestiges of anal cerci on terminal segment. 

Adult. — ‘‘Oblong, moderately convex, black, shining. Antennae 
piceous, club paler. Head punctured. Thorax broader than long, 
narrower in front, sides at middle slightly sinuate, disc divided by a 
transverse sulcus into two unequal portions, sparsely and rather finely 
punctured than the posterior and more densely and coarsely near the 
lateral gi'oove. Margin rather coarsely punctured and more densely 
in front. Lateral groove not attaining the basal margin. Elytra 
sparsely punctured but more densely and coarsely than the thorax. 
Prosternum bicanaliculate, median convex portion broadly inter- 
rupted and with a patch of silken hairs. Meso and metasternum very 
finely and sparsely punctured, side pieces and first abdominal seg- 
ment coarsely punctured. Legs piceous, anterior tibiae gradually 
broader and finely denticulate. Length (from apex of thorax to tip 
of elytral suture) .09 inch; 2.25 mm.^'^ 


Life-History and Habits 

. The life-history of Plegaderus nitidus Horn is still somewhat 
obscure, but certain facts are presented here which will give a good 
conception of the development. The adults enter the bark through the 
ventilation holes made by bark beetles, just as does Platysoma puncti- 
gerum Lee. In the overwintering stages are found both adults and 
larvae. Both remain dormant until the approach of warm weather, 
when they again become active. 

7 Original description of adult by G. H. Horn (1870). 
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are laid by the overwintering adults probably during the 
latter part of May and in June in the Modoc region. The larval 
development is slow; from eight to ten weeks are required to reach 
maturity. Pupation takes place in September and the adults emerge 
during the latter part of September and in October, to overwinter 
under the bark. 

The larvae which overwinter develop to adults by the middle of 
July. This brood of adults enters trees which have been recently 
attacked by the western pine beetle. Eggs are laid presumably in the 
frass material of the bark beetles. The generation of larvae which 
follows has developed to half -grown larvae by the time cold weather 
comes on. Hibernation then takes place and as a result there is no 
further development until the following spring. 

The feeding habits of Plegaderus nitidus Horn have not been so 
thoroughly studied as those of Platysoma punctigerum Lee. P. nitidus 
Horn have been observed to be predaceous both in the larval and 
adult stages. The larvae feed upon very small coleopterous and dip- 
terous larA'ae under the bark. The adults have been noted to feed 
upon the eggs of D emir oct onus brevicomis Lee. and Aidonium longum 
Lee. In an experiment conducted by the writer, fifty eggs of Dendroc- 
tonus brevicomis Lee., together with two Aulonium longum Lee. eggs, 
were placed in a petri dish, with several Plegaderus nitidus Horn 
adults. After a period of twenty-four hours the eggs had all been 
devoured. Repetitions of similar experiments gave the same results. 
Under field conditions adult Plsgaderus nitidus Horn were noted in 
Dendroctonus brevicomis Lee. egg galleries two weeks after a suc- 
cessful attack had been made. The fact of their presence at this time, 
when D. brevicomis Lee. eggs are still in the egg nitches, is good evi- 
dence that P. nitidus Horn may feed upon them. 

As an insect of economic importance Plegaderus nitidus Horn may 
prove to be valuable in relation to natural bark beetle control. As an 
egg feeder it has possibilities for reducing the brood of Dendroctonus 
brevicomis Lee. Further studies are necessary, however, in order to 
determine its importance. 

s Eggs were not actually found in the field, but were dissected from gravid 
females during the latter part of May and in June. 
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TBNEBRIONIDAE 

The family Tenebrionidae is a very large group of heteromerous 
beetles which are mostly dark colored, and which vary considerably in 
size and shape. The antennae are ‘^usually bead-like or moniliform, 
the mouth parts rather small and not prominent.’^® According to 
Sharp (1899) and Blatchley (1910) about 10,000 species are known. 
The number of known species at the present time is probably some- 
what larger. They are found on the ground beneath stones and damp 
logs, or about dead trees, chiefly under the bark. Many of them are 
closely associated with fungi. They are most abundant in semi-arid 
regions. One of the bark species, Hypophloeus svhstriatus Lec. is 
taken up in this study. 

Hypophloeus substriatus Lec. 

The genus Hypophloeus Fab. was placed in the tribe Diaperini by 
Horn (1870) and is considered to belong in the same tribe by Blatchley 
(1910). Kuhnt (1913) placed this genus under the tribe Ulomini 
and Leng (1920) treated it under the subfamily Ulomoninae. This 
genus is composed of small-sized beetles which are found under the 
bark of dead or dying trees, and which are more or less closely 
associated with fungi. ‘‘Gebien in Junk’s Coleopterorum Catalogus 
(1910-1911) lists 47 species known to the world. ” Three species were 
listed for America north of Mexico by Horn (1870), but six more 
have been listed by Leng (1920), making a total of nine species at the 
present time. Two of these species are found in California, Hypo- 
phloeus substriatus Lee., and H, opaculus Lec. At least three unde- 
scribed species, one from California, are also represented in California 
collections. 

The habits of Hypophloeus have been recorded by various authors. 
Perris (1852) first recorded the habits of Hypophloeus linearis Fab. 
According to him, H, linearis Fab. enters the galleries of Tomicus 
bidens through the same hole which the female Tomicus has bored, and 
there lays its eggs ; and then the young Hypophloeus larvae, as soon 
as they hatch, should engage in a battle so serious that sometimes not 
one of the Tomicus larvae escapes. The habits of Hypophloeus 
linearis Fab. Perris believed to be new to science, and he considered 


» Blatchley, op, oit,, p. 1243. 
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erroneus the common belief that the insect was lignivorous. Very 
emphatically he concludes as follows: '^The larvae of H, linearis Fab. 
and if. pini Panz., which live in pine, and those of if. castaneus and 
H, hicolor, which inhabit the oak, are carnivores, or better to char- 
acterize their manner of living, larvivores. ’ Lacordaire (1859) 
indicates the wood feeding habits of HypophloevrS, Stebbing (1914) 
notes the ‘^swarming habits of H, flavipennis Mots, found in the 
galleries of Polygraphus, Tomicus, and Pityogenes infesting blue pine, 
spruce, and deodar in the northwest Himalaya Mountains, and is of 
the opinion that the larvae are predaceous or semipredaceous. Esche- 
rich (1923) notes the habits of HypopMoetis as taken from Kleine 
(1908-9), H, fraxini Kugel, H. pini Panz., H. linearis Fab., H. fas- 
ciatus Fab., H. castaneons Fab., and H. hicolor (Eich.), all of which 
are cited as enemies of various bark beetles. Gusev (1928) notes the 
habits of H. longulus Gy 11. (corticeus Pill.) adults of which devour 
bark beetle eggs only, and the larvae of which feed on the bark beetle 
larvae. He also notes this habit for Jff. fraxini Kugel. He states that 
H, linearis Fab. feeds on bark beetle larvae in both the larval and 
adult stages. In North America the predaceous habits of Hypophloeus 
are indicated by Hopkins (1893) and Packard (1890). 

Hypophloeus suhstriatus Lee. is the common species of the moun- 
tains of Oregon and California. It has been confused with H, paral- 
lelus Melsh., which is an eastern form extending only as far west as 
Arizona and the Rockies. All references to H. paraUelus Melsh. found 
in the mountains of Oregon and California are therefore incorrect. 
Although the two species of Hypophloeus are very much alike in 
general appearance, there are certain specific characters which 
separate them. 

H, suhstriatus Lee. is larger, being more elongate (average about 
4.5 mm.) and broader. H. paraUelus Melsh. averages about 3.5 mm. 
in length. Both have in general the same shape, but JET. paraUelus has 
its sides somewhat more parallel. H, suhstriatus Lee. is more taper- 
ing. The prothorax is longer in proportion to width in H, paraUelus 
Melsh. ; more truncate in H, suhstriatus Lee. The margin of the pro- 
thorax is conspicuously wider on H, suhstriatus Lee. Van Dyke points 
out a very good distinguishing character which is constant for each 
species, namely, punctulation. The propleurae of H, paraUelus Melsh. 
are very closely and heavily punctulate. In H, suhstriatus Lee. the 


10 Perris, p. 500. 
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proplenrae are less clearly punctulate, thus giving- a more shining 
appearance. The punctulation of the elytra of H, substriatus is 
arranged in rows, and is more scattered in H, parallelus Melsh. 

Hypophloeus substriatus Lee. was first described by Leconte (1878) 
from specimens collected in Oregon by Lord Walsingham. It is com- 
monly found under the bark of western yellow pine in association with 
bark beetles in Oregon and California. 


Description op Stages 

Figures D and E 

Eggs, — White, elongate, with sides somewhat irregular; length .75 
to 1 mm. 

Lgrva , — ^Length when mature 5-7 mm.; head and thorax about 
one-third of total length ; color yellowish to dark brown depending on 
degree of hardening of chitin, becoming darker toward posterior end 
of abdomen; ‘‘body rather short, with parallel sides, dorsally well 
chitinized and flatly convex, sparsely beset with hairs, ventrally rather 
softskinned. Head twice as wide as long, dorsally convex; frontal 
sutures distinct, median epicranial suture short, on each side with two, 
closely adjoining, almost fused ocelli; antenna three-segmented with 
a large basal membrane; proximal segment about as long as wide, 
median segment subclavate, almost three times as long as the proximal, 
distal segment minute, not longer than wide, carrying a few setae; 
tactile appendix absent; frons large, subcordif orm ; clypeus large, 
with the posterior half well chitinized and the anterior membranous ; 
labrum distinct with semicircular outline, narrower than, but almost 
as long as, clypeus. Mandibles symmetrical, strong, exteriorly simply 
rounded without projecting tubercle; distal end of each mandible 
feebly bidentate; interiorly with a longitudinally excavated cutting 
part whose upper and lower margins carry a small tooth in the 
middle; molar part with rounded, slightly concave crown. Ventral 
mouthparts retracted ; maxillary palpus three segmented, labial palpus 
two segmented; ligula distinct. Hypopharynx proximally with a 
transverse subrectangular chitinization and dist^ly with a rather 
large softskinned part. Prothorax dorsally with a well developed 
shield ; meso- and metathorax of the same size, each shorter than pro- 
thorax but together somewhat longer. Legs all of about the same 
length and shape ; five segmented ; clawshaped tarsus one-third as long 
as tibia. Abdominal segments number one to eight, all broader than 
long; ninth abdominal segment semicircular with the lateral outline 
continuous with that of the eighth segment, posteriorly rounded 
without cerci ; tenth abdominal segment developed as a soft pygopod 
with a pair of short, conical ambulatory warts. Spiracles small, 
circular ; nine pairs present, all lateral. ’ ’ 

Pwpa***^White, 3-4 mm. long; head covered by pronotum; pro- 
notum sparsely covered by fine hairs; abdomen of seven segments 
dorsally and five ventrally; lateral margin of each ventral abdominal 
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Fig. B. Hypophloevs aubstriatus Lee. 

la, dorsal aspect of adult; lb, ventral aspect of adult; Ic, mandible; Id, 
labrum; l€, ’maxilla; 1/, labium; Iff, antenna; Ih, fore leg; li, middle leg; Ij, hind 
leg; Im, ovipositor; 2, pupa; 3a, pronotum of H. subatriatua Lee.; Sb, pronotum 
of H* paraXtelua Melsh. 
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segment with one in-curved spine; anal cerci present, having reap- 
peared in this stage, but lacking in the larvae. 

Adult, — General body color reddish-brown, somewhat shining ; legs 
light brown, heteromerous ; length variable, average 3-5 mm.; head 
small, somewhat quadrate ; sparsely punctulate ; compound eyes black ; 
antennae eleven segmented, the basal four segments narrow, closely 
appressed, the six following segments broader, terminal segment 
rounded, all segments covered by fine hairs, the antennae inserted in 
groove between base of mandibles and compound eyes, maxillary palpi 
of four segments ; labial palpi of three segments ; mandibles with two 
terminal denticles with smaller denticles on inner margin, also molar 
surface; gular sutures converge but not joined anteriorly, gula not 
punctulate ; fronto-clypeal suture across front between eyes dorsally ; 
mandibles covered by labrum. 

Prothorax broader than long; pronotum moderately convex, sides 
slightly arcuate laterally with narrow lateral margins, sparsely punc- 
tulate; prosternum moderately convex, sparsely punctulate; inter- 
coxal piece lobed behind coxae; episternum and epimeron of meso- 
thorax well defined ; suture of epimeron joining metasternal suture a 
short distance from mesosternal coxae; elytra punctulate in longi- 
tudinal rows ; inter-coxal piece not extending beyond coxae ; metaster- 
num broad ; a median suture extending longitudinally from intercoxal 
piece one-third to one-half the distance to mesothorax ; antecoxal piece 
divided. 

Abdomen seven-segmented dorsally, five-segmented ventrally, dor- 
sal portion covered by elytra (all covered except one-half of sixth 
and of seventh segments) with chitin rather soft; ventral segments 
very hard, sparsely punctulate; last abdominal segment with anal 
opening. 


Life-History and Habits 

Adults and larvae represent the overwintering stages of Hypo^ 
phloeus suhstriatus Lee. The adults enter the bark of dead or dying 
yellow pines by means of the ventilation holes bored by bark beetles. 
The larvae which are not able to complete their development before 
the advent of cold weather remain under the bark, dormant until 
incited to activity by increased temperatures in spring. The largest 
proportion of the overwintering brood is in the adult stage. When 
the weather is warm enough, the adults again become active, mate, 
and lay eggs. The eggs are laid in small groups in the frass material 
and on the sides of the bark beetle egg galleries. The larvae hatch 
out within a week to ten days and actively run about in search of food 
material, which consists wholly of fungi under the bark. The larvae 
develop to maturity within eight to ten weeks. Pupation takes place 
in the frass material and no cells are constructed. The adults emerge 
within ten days to two weeks following pupation. They are at first 
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white, turning darker until finally they are a reddish-brown color. 
The summer brood which is started by overwintering adults ds begun 
in June and is completed in September with the time of each stage 
as follows : eggs, ten days ; larvae, eight to ten weeks ; pupae, ten days 
to two weeks. The adults which emerge in September either remain 
under the bark where they were reared or fly to other trees which 
have been recently attacked by bark beetles. They remain under the 
bark to pass the winter. 

The overwintering brood of larvae develops to maturity by the 
middle of July or the first of August. The adults which emerge, enter 
the summer brood trees of Dendroctonus brevicomis Lee. and lay eggs. 
These hatch into young larvae which are half or two-thirds grown 
before they are forced to hibernate. Thus a single generation is pro- 
duced each year with an overlapping of stages so that adults and 
larvae are found during the winter and all stages are found during 
the summer. 

It has already been pointed out that it is the belief (as expressed 
in most published works) that many of the species of Hypophloeus 
are predaceous insects, feeding on the eggs and larvae of bark beetles. 

I have not found this to be the case. Hypophloeus substriatus Lee., 
adults as well as larvae, are phytophagous, feeding on fungi under 
the bark. The larvae begin to feed very shortly after they hatch out 
of the egg stage. They have been reared to maturity by the writer on 
a pure culture of bluestain fungus grown on sterile phloem material, 
and have been observed to feed on bluestain fungi, blue green fungi, 
a white fungus, and fermented phloem under natural field conditions. 
Larvae after a short period of feeding become the same color as their 
food material. This is due to the contents of the alimentary canal 
which are visible through the body wall. The adults are also phyto- 
phagous and feed upon the fungus material found under the bark. 
Experiments which were conducted by the writer to determine whether 
this insect was also predaceous gave negative results. In no case 
could either the adults or larvae be forced to feed on either living or 
dead insects. Hypophloeus substriatus Lee. m therefore probably of 
little importance either as a beneficial or injurious species, except as it 
makes conditions more or less favorable for the development of asso- 
ciated insects, as, for example, through the spread of, or reduction in, 
the mycelium of fungi. 
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STAPHYLINIDAE 

The family Staphylinidae is one of the largest groups of beetles. 
The species are easily recognized by the short, truncate elytra which 
cover only a portion of the abdomen, leaving several of the corneous 
segments exposed. The total number of species is not known definitely, 
but according to Sharp (1899) and Blatchley (1910) there are about 
9000 species. The habits of the group are variable though most of 
them are either predaceous or scavengers. Some of them breed in 
manure heaps, in decaying vegetable matter, and in the bodies of dead 
animals. Others are found in fungi, under the bark of trees, and 
as the guests of termites and ants. One of the bark-inhabiting species 
is taken up in this study. 


Nudobius pugetanus Casey 

The genus Nuddbim was erected by Thomson (1860) and is very 
closely related by Xantholinus of Serville (1825) . It has been treated, 
in fact, by some authors as a subgenus of Xantholinus. Ganglbauer 
(1895), Heyden (1906), and Casey (1906) recognized Nudobius as a 
separate genus of the tribe Xantholinini. Reitter (1909) treated 
N'udobius as a subgenus of Xantholinus and Kuhnt (1913) recognized 
only the genus Xantholinus Serv. (Nudobius Thoms.). Leng (1920) 
and Gusev (1928) recognize the genus Nudobius, and this is generally 
accepted at the present time. Casey’s characterization of Nudobius is 
as follows : 

In many characters Nudohius is somewhat intermediate between EuUssv^s and 
aUied gtenera and Xantholinus, but in the rapid medial deflection of the side 
margins of the prothorax, which unite the lower margin and do not continue 
separate therefrom to the apex, it is wholly isolated. The integuments are 
highly polished throughout, but the surface of the head and pronotum has, 
besides the normal punctures, a system of very minute sparse punctules, evenly 
distributed throughout. The punctures of the pronotum are notably fine, feeble, 
very sparse and inconspicuous throughout the genus Nudobius and are arranged 
in the two discal series, each containing some 5-7 punctures and an arcuate 
sub-marginal line, at each side, of nearly the same number.^ 

All the species of Nudobius are predators so far as is known and 
are found usually under the bark of trees killed by bark beetles. In 
Europe Nudobius lentus Grav. and Nudobius collaris E. are the best 


Casey, pp. 381, 384. 
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known. There are fifteen species listed in America north of Mexico 
and among- them N. cephalus Say is the best known. In the West, 
Casey (1906) cites several species, but the distinguishing characters 
are not very well marked. 

Nudohius pugetamis was described by Casey (1906) from Oregon 
and Washington. This species has been confused with N, cephalus Say, 
the eastern species. N, cephalus Say has been, in fact, incorrectly 
reported from the West. Nudohius pugetanus Csy. is found in Wash- 
ington, Oregon, and northern California and the chief characters 
which separate it from the other California species are length of body 
and shape of prothorax. Specimens collected by the writer have been 
carefully compared with named specimens of N. pugetanus Csy. in the 
Blaisdell collection in the California Academy of Sciences by Van 
Dyke and the writer. Specimens were also carefully compared with 
N, corticolis Csy. collected by Van Dyke in the hills back of Oakland, 
California, under the bark of Monterey pine. The difference between 
this species and JV. pugetanus Csy. is in the size of the head, which is 
broader in proportion to length in iV. pugetanus Csy. This is merely a 
varietal difference and does not justify ranking N. corticalis as a 
separate species. The other characters given by Casey are not evi- 
dent enough to separate them. JV. pugetanus Csy. is a predaceous 
insect found in bark beetle egg galleries. 


Description of Stages 
F igure F 

P^ggs , — Color white ; length slightly more than 1 mm. ; about one- 
half as wide as long; shape oblong, slightly broader at one end. 

Larva , — Head ferruginous red, prothorax lighter red, body creamy 
white; length when mature 8-10 mm.; “head protracted, posteriorly 
constricted with a closed, ringshaped collar around a posteriorly 
directed foramen; median epicranial suture distinct and slightly 
exceeding in len^h each of the frontal sutures ; labrum and clypeus 
fused together an'd with the frons forming a projecting subrectangular 
nasale armed with 11 teeth, namely one smaller median tooth and on 
each side of this one large and sharp followed by three more obtuse 
teeth which gradually decrease in size exteriorly ; epipharynx within 
a groove on the inner surface of nasale. Ocelli distinct, one on each 
side. Each antenna inserted in the anterior margin of frons, four 
segmented, with a well developed distal segment, almost half as long 
as the subdistal and with a mipute sensory cone outside the base of the 
dist^ segment. Mandible long, sickle-shaped, simple without retin- 
aculum and without penicillus. Maxilla with stipes free and cardo 
inserted in some distance behind the anterior ventral margin of epi- 
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Fig. F. Nudohius pugetanus CIsy. 


la, larva (lateral aspect); 1&, larva (dorsal aspect); la, head; Id, antenna; 
le, maxilla; 1/, labium; 1^, mandible; Ih, clypeus; It, leg; Ij, lateral aspect of 
pygidium; 2, eggs; 3 adult (dorsal aspect); 3a, mandible; 3&, antenna; 3a, 
maxilla; 3d, labrum; 3a, labium; 4, pupa. 
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cranium ; maxillary palpus four-segmented, maxillary lobe free, con- 
sisting of a single, subcylindrical segment with a terminal seta. 
Pregular plate subcordiform with each front comer prolonged into a 
horn-shaped projection; mentum soft and dome-shaped; prementum 
elongate, subrectangular, slightly hourglass-shaped ; labial palpus 
three segmented with a large basal membrane ; ligula long, slender and 
styliform/' 

‘‘Prothorax smaller than head, somewhat longer than wide. Meso- 
and metathorax together only slightly longer than prothorax, each 
thoracic segment dorsally covered with a shield. Legs fairly stout and 
long, five segmented with coxa free, long and conical, tarsal segment 
claw-shaped, very slender, slightly curved and pointed; entire leg 
armed with many spine-like hairs. Abdomen elongate, somewhat 
depressed ; dorsal, pleural and ventral regions of each of the anterior 
eight segments bearing thin, shining shields, sparsely beset with short 
hairs, dorsal shields paired and well separated by intermedian soft 
skin ; each of the dorsal shields with a small, round, dark spot ante- 
riorly to the spiracle; ninth abdominal segment with a pair of two 
segmented cerci ; j3roximal segment of each cercus straight, not much 
longer than the distal segment; tenth abdominal segment as long as 
ninth but much narrower, subcylindrical and furnished with two pairs 
of long, pyriform, retractile and finely asperate anal sacs. Spiracles 
small, circular; nine pairs present, all lateral. Setae all simple and 
pointed, never terminally enlarged. 

Pupa. — Color dark yellow; anterior end truncate with head and 
thoracic portions closely appressed ; abdomen with nine segments and 
pointed at the tip. 

Adult. — ^Length 7.9-9.2 mm.; width 1.25-1.4 mm.; black, shining; 
elytra rufous, legs pale testaceous ; head large, well developed ; front 
distinctly though ^ely punctured between frontal grooves, rather 
coarsely punctulate toward the sides, the punctures elongate, strong, 
more rounded, and close set beneath; becoming less distinct and 
sparser toward base; prothorax distinctly narrower than the head, 
longer than wide, narrowed posteriorly from the apex ; elytra as long 
as the prothorax and wider; longer than wide, finely punctured; 
punctures of the. medial series stronger than the others.^ ^ 


Life-History and Habits 

Nudohius pugetanus Csy. adults enter the bark of dead yellow pine 
by means of the bark beetle ventilation holes in much the same manner 
as the other secondary insects. The larvae and adults which alone rep- 
resent the overwintering stages, remain dormant under the bark until 
favorable weather conditions, when they again become active. In the 
Modoc region the adults begin to lay eggs during the first part of 
June. The eggs are laid at the sides of the bark beetle egg galleries, 

12 Description of adult adapted from Casey, p. 382 . 
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always singly, which is perhaps of considerable importance for insur- 
ing protection against being devoured by the newly hatched active 
predaceous larvae which hatch out within ten days to two weeks and 
very soon afterward search for food material. Their development is 
rapid and the first of them reach maturity and pupate by the middle 
of August. The summer generation of adults is in evidence about the 
first of September. These either enter trees which have been killed 
during the summer or remain where they were reared to start a new 
brood and to overwinter. 

The larvae which spend the winter under the bark develop to 
maturity and pupate by the latter part of June. The adults emerge 
after two weeks and enter the first summer brood trees attacked by 
Dendroctonas hrevicomis Lee. The D. hrevicomis Lee. brood at this 
time is in the fully grown larval and pupal stages. A brood of N. 
piigetanus Csy. larvae is started by the middle or latter part of 
August and is half-grown before hibernation takes place. 

The duration of each stage of development during the summer is 
as follows : eggs, ten days to two weeks ; larvae, six to eight weeks ; and 
pupae, two weeks, or a total of ten to twelve weeks for a single genera- 
tion. The rapidity of development is dependent on the temperature 
primarily and on the food supply. Some develop faster than others 
and thereby no considerable large numbers of adults emerge at any 
given time. The eggs of a specific generation are deposited over a 
period covering from three to four weeks, thus creating a variety of 
ages in a single generation. Any stage of the insect may be found dur- 
ing midsummer under the bark of trees which were killed the previous 
season, but insects in the stages represented in trees killed by bark 
beetles during the summer do not appear before the latter part of 
July, or within a month after a successful bark beetle attack. In 
general, one complete generation is accomplished between June and 
September, starting from eggs and ending as adults. One complete 
generation takes place starting from half-grown larvae in May and 
ending as half-grown larvae in September. It is clearly indicated 
that one generation of this insect is produced each year, in one case 
starting as adults and ending as adults, and in the other case starting 
as larvae. 

The habits of the larvae have already been indicated. They are 
very agile predators and are able to catch their prey with great ease. 
(The relatively long legs enable them to run after and grasp their 
prey.) Many of the small coleopterous and dipterous larvae under 
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the bark are preyed upon by this insect. The larvae have also been 
noted to prey upon each other, as well as on the larvae of Othmus 
Ivgubris Horn, Platysoma punctigerum Lee., and dipterous larvae. 
The habits of the adults are very similar to those of the larvae. In 
addition to feeding on larvae they are also predaceous on small adult 
beetles under the bark. 

Nudobim puget<mns Csy. is not considered important as an eco- 
nomic insect. It has been stated that it enters a tree within a month 
following the attack of Dendroctonus breviconus Lee. At this time 
the bark beetles have finished laying eggs and have already started to 
leave the tree. Consequently N. pugetanus Csy. could not enter in as 
an enemy of D. brevicomis Lee. It preys wholly on the secondary 
insects under the bark and may destroy some of the beneficial forms. 



1930] Struble: Coleaptera Associated with Bark Beetles 


133 


LITERATURE CITED 


Blatchuly, W. S. 

1910. Ooleoptera of Indiana (The Nature Publishing Company, Indianapolis, 

Ind.). 

Casey, Tho®. L. 

1906. Observations of the Staphylinid groups Aleocharinae and Xantho- 
linini chiefly of America. Trans. Acad, of Sci. St. Louis, 16: 
380-384. 

Db Marseiuij, S. a. 

1853. Essai monographique sur la Famille dcs Histerides. Ann. Soc. Ent. 
Fr., 22:248-286, pi, 4e. 

1856. Idem, 26:259-279, 1 pi. 

Erickson. 

1834. Ubersicht der Historoides. Jahrb. Insektenkunde, l:83-20’8. 
Escherich, K. 

1923. Forstinsektenkunde Mitteleuropas, 2:48-49. 

Ganolbauer, Ludwig 

1895. Die Kafer von Mitteleuropa (Wien), pp. 475-477. 

GeibieiN, H. 

1911. Coleopterorum Catalogue (W. Junk), pars. 28, 24 III, pp. 412-417. 
Gusev, V. I. 

1928. Bcneflcial insects found in trees infested with bark beetles. Bui. 

Inst, of Forestry, Leningrad (Petrograd Liesnoi Institut; Izvestiia), 
36:133-153. 

Hanblirsoh, Dr. A. 

1921, Schroder's Handbuch der Entomologie, 3, chap. 7, Palaeontologie, 
p. 230. 

1923. Idem, 3:-580-581. 

Hbyden, L. V., Eeitter, E., Weisb, J. 

1906. Catalogus Colcoptorum Europae, pp. 161-162. 

Hoij>haus, Dr. Karl 

1927. Die geographische Verbreitung der Insekten (Fortsetzung), in 
Schroder's Handbuch der Entomologie, 2, chap. 7, p. 688. 
Hopkins, A. D. 

1893. Report on investigations to determine the cause of the unhealthy 
condition of eastern Spruce from 1880-1893. XT. S. Dept. Agr., 
Bui. 28, ser. 2. 

Horn, G. H. 

1870. Description of new species of Histeridae. Trans. Am. Ent. Soc., 
3:141. 

1870, Revision of the Tenebrionidae of America north of Mexico. Trans. 
Am. Philos. Soc., 14:253-404. 

Jaoqublin DU Val, C., and Fairmaire, L. 

1857. Genera des Coleopteres d 'Europe, 6 (Chez a Deyrolle naturaliste, 

Paris), Introd., pp. xxxrv, XXXV, XU. . 



134 University of Cdlifomia Publicotions in Entomology f Voau 5 


1908-09. Die europaischen Borkenkafer und ihre Peinde aus den Ordnungen 
der Koleopteren und Hymenopteren, in Ent. Bl. 4 and 6. 

Kithnt, P. 

1913. Illustrierte Bestimmunga — Tabellen der Kafer Deutscklands. Stuttgart. 
Lacjorjdaik®, Th. 

1859. Histoire naturelle des insectes. Genera des Coleopteres, 5:338. 
LE(X>NTE3, J. Li. 

1861. New species of Coleoptera inhabiting the Pacific district of the 
United States. Proc. Acad. Nat. Sci. Phila., November, p. 343. 
1878. Coleoptera of Florida. Proc. Am. Philos. Soc., 17:423-424. 

IiEScoNTB, J. L., and HoitN-, G. H. 

1883. Coleoptera of North America (Smithsonian Institution, Washington, 
D.C.*), p. 147. 

Lbng, 0. W. 

1920. Catalog of the Coleoptera of America north of Mexico. 

Nussun, Dr. Otto 

1913.. Leitfaden der Porstinseklenkunde (Berlin), p. 111. 

Orest, Marcu. 

1926. Beitrage zur Generationsfrage einiger Borkenkafer. Zool. Anzeiger, 
67(3.^): 81-87. 

Packard, A. S. 

1890. Fifth report of the U. S. Entomological Commission (Wash., Gov’t 
Print. Off.), p. 18. 

Perris, E. 

1852-1862. Histoire des insectes du pin maritime. Ann. Soc. Ent. Fr., 1852, 
21:491-522j 1853, 22:552-664, 3 pis.; 1854, 23:85-160, 593-646, 
3 pis.; 1856, 25:173-257, 423-486, 2 pis.; 1857, 26:341-395, 2 pis.; 
1862, 31:173-243, 2 pis. 

PmsoNT, H. L. 

Study of the clerid Thanasimus nigriventris Liec. with notes on other 

insect enemies of western pine bark beetles. (MS, 1928.) 

REiTTm, E. 

1909. Fauna Germanica. Die Kafer des deutschen Reiches (Stuttgart), 
pp. 136-137. 

Saalas., U. 

1917. Fichtenkafer Finnlands, 1 (Helsinki). 

1923. Fichtenkafer Finnlands, 2 (Helsinki). 

SCHIODT'E, I. C. 

1862-1883. Naturhistorisk Tidsskrift, ser. 3, 1-13 (Copenhagen, Denmark). 
SmviLLE, J. G. A. 

1825. Eneyclopediae methodique, 10, Entomologie (Paris. See under Olivier). 
Sharp, D. 

1899. Cambridge natural history, 6:263-264. 

Simpson, L. J. 

1929. The seasonal history of Polygraphua rufipennis Kirby, Canadian 
Entomologist, 61:145-151. 

Stebbing, E. P. 

1914. Indian forest insects. London. 

Thomson, 0. G: 

1860. Skandinaviens Coleoptera, etc., Lund, 2:188. 



STUDIES OF THE ANATOMY AND HISTOLOGY 
OF THE REPRODUCTIVE SYSTEM OF THE 
FEMALE CODLING MOTH, CARPOCAPSA 
POMONELLA (LINN.) 

BY 

STUART L. ALLMANi 


CONTENTS 


Introduction 135 

Acknowledgments 137 

Methods 137 

Gross anatomy: The reproductive system 138 

The external openings 138 

The ovaries 140 

The genital ducts 140 

The bursa copulatrix 141 

The spermatheca 143 

The seminal duct 143 

The accessory glands 143 

The internal rods 145 

Histology 146 

The ovaries 146 

The genital ducts 148 

The bursa copulatrix 149 

The spermatheca 150 

The seminal duct 151 

The accessory glands 151 

Summary 153 

Literature cited 154 

Plates 156 


INTRODUCTION 

In an investigation of the literature dealing with the codling moth, 
it was surprising to find that such a well-known insect, and such a 
destructive pest, has been but little studied from the morphological 
and histological standpoints. Such work as has been carried out has 
dealt mainly with the larva or caterpillar, the injurious stage of this 
insect, in which it causes much damage to walnuts, pears, and espe- 
cially to apples. Bordas (1910), in his paper entitled “Les glandes 
c^phaliques des chenilles de Lepidopteres’’ dealt with the silk and 

1 Walter and Eliza Hall Agriculture Research Fellow, University of Sydney, 
Australia. 
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maudibulary glands and Montgomery (1900) wrote ^‘On Nucleolar 
Structures of the Hypodermal Cells of the Larva Carpocapsa,^^ Lopez 
(1929) has added to these contributions with his paper entitled ‘‘Mor- 
phological Studies of the Head and Mouthparts of the Fully Grown 
Codling Moth Larva, Carpocapsa pomonella (Linn.)/’ Mclndoo 
(1929) in “Tropisms and Sense Organs of Lepidoptera” deals with 
both the larval and the adult codling moth and records a number of 
sensoria in each form. Heinrich (1926) in the* “ Revision of the North 
American Moths of the Subfamilies Laspeyresiinae and Olethreutinae ” 
deals extensively with the male and female genitalia of these groups 
and incidentally with those of the codling moth. He cites also an 
important paper by Pierce and Metcalfe (1922) on “Genitalia of the 
Group Tortricidae of the Lepidoptera of the British Islands” in which 
the genitalia form the main basis of classification. 

Investigations on the economic phases have been numerous since 
the earliest report in literature of this pest. The total of these investi- 
gations would undoubtedly far exceed those for any other pest, even 
though, according to Smith (1926), “Something over two hundred 
state and federal bulletins and major papers or serial publications 
have appeared during the past twenty-five years.” At the present 
time, as a result of the activities of Carpocapsa pomonella^ approxi- 
mately forty entomologists are carrying out experimental work on this 
pest, dealing with control, spray residues, bionomics, and ma^s pro- 
duction of parasites. 

The adult insect is an inconspicuous moth which flies about the 
orchard^ at dusk, depositing its eggs on the leaves and fruits. The 
knowledge of this habit is of importance, both in respect to its control 
and to the functioning of the egg-laying female. Moths do not deposit 
eggs unless certain environmental factors are favorable for oviposition. 
Of these factors, temperature has received the most attention and it is 
now conceded that little or no deposition takes place unless the tem- 
perature, at dusk, is above 60® F ; in fact, certain control measures are 
timed on this basis. Herms (1929) has drawn attention to the factor 
of light intensity and there are indications that active deposition takes 
place after sunset when the light intensity is approximately three to 
four-tenths of a foot candle. In view of the restricted time for egg 
deposition and the fact that moths are capable of laying over one 
hundred eggs, it is a matter of some interest to study the possible 
effects of such restrictive factors on the functioning of the moths. 
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The egg-laying female has, in the past, received some attention 
from investigators using light and bait or ‘‘hootch’’ traps as control 
measures for the adults. In these studies, the capture of gravid 
females is of the utmost importance, and in order to recognize this 
condition in the female, one must have a certain degree of familiarity 
with her anatomy. 
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METHODS 

The moths wore first anaesthetized with chloroform and subse- 
quently dissected in physiological salt solution. Bonin’s picroformol 
was iLsed as the fixing reagent and all material was imbedded in 
paraffin. In some instances, the abdomens of freshly emerged females 
were fixed entire. In this manner, it was possible to obtain sections 
of the abdomen without any special softening of the chitinous body 
wall and the organs were thus demonstrated in situ. Sections were 
cut from 5 to 15 microns in thickness. Heidenhain’s iron-alum haemat- 
oxylin and Delafield’s haematoxylin counterstained with eosin were 
the stains generally used. Mallory’s aniline blue was employed in one 
series to demonstrate the presence of chitin in the various organs. 

A number of specimens were cleared in dilute caustic potash and 
the abdomens mounted to demonstrate the segmentation, the external 
openings, and the chitinous intima of organs derived from the ecto- 
derm. Some specimens were stained in magenta, acid fuchsin, or 
picric acid, and the exoskeleton cut away leaving the chitinous linings 
of the reproductive system and the hindgut. In this manner the ecto- 
dermal origin of the bursa copulatrix, spermatheca, vagina, and two 
sets of accessory glands, was clearly illustrated. 
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THE REPRODUCTIVE SYSTEM: GROSS ANATOMY 
The External Openings 

The reproductive system, in common with the more highly special- 
ized Lepidoptera, has two external openings (pi. 5). The eggs are 
deposited at the vaginal aperture, immediately adjacent and anterior 
to the anus. The eopulatory aperture is located ventrally, on the 
seventh segment of the abdomen and in this respect seems peculiar, 
in that the aperture of other specialized forms lies in the membrane 
between the seventh and eighth segments or at the anterior end of the 
eighth sternum (fig. A). The chitinous plates underlying the seventh 





Pig. A. Lateral view of the abdomen and reproductive organs, he, bursa 
copulatrixj o, cercus; Off, eolleterial glands; o. ov, common oviduct; cr, colleterial 
reservoir, with ceca; o, ovariole; r, internal chitinous rods; rs, spermatheca or 
receptaculum seminus; sd, seminal duct (also extends between spermatheca and 
vagina) ; sff, single or spermathecal glands and cecum ; v, vagina. Diagrammatic. 
X 24 (approx,). 

segment are definitely demarcated into two sections. A broader, 
anterior plate has two backward wedge-shaped extensions and sur- 
rounds on three sides a rectangular plate carrying the eopulatory 
aperture at its anterior edge. It would thus appear that the stemite 
of the eighth segment has become associated with that of the seventh 
and thus come to lie entirely within the seventh segment in the typical 
asymmetrical arrangement figured (fig. B). 
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This assumption is supported by the lack of divisions in preceding* 
stemites, and a study of the segmentation and genital openings of the 
pupa. Ten segments are present in the abdomen of the pupa and a 
single genital opening appears as a longitudinal slit crossing the 
eighth and extending into the ninth stemite (fig. C). The ninth 



Fig. B. Stemites underlying the seventh abdominal segments, a, seventh 
sternite; b, copulatory aperture; c, eighth stemite. Camera lucida drawing. X 53. 



Pig. C. Ventral view of tip of abdomen of pupa, a, genital aperture; 
h, anus. Camera lucida drawing. X 31. 

stemite is very indistinct ventrally, and pushes forward somewhat 
into the eighth, which is described by Jackson (1890) as customary 
in the female pupae of the Heterocera. The eighth tergite in the adult 
consists of an almost complete chitinous ring, bearing a pair of internal 
chitinous rods; it is separated from the preceding tergite by a wide 
area of membrane. This extensive membrane formation, the fusion 
of segments nine and ten, and the almost complete telescoping of 
segments eight, nine, and ten, readily admits of the forward movement 
of the eighth stemite. 
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According to Imms (1925), the copulatory aperture corresponds 
with the vaginal opening in other orders, and the opening of the com- 
mon oviduct, or vagina, has migrated backward to take up a secondary 
position on the ninth sternum. Only one genital aperture appears in 
the pupa, but this extends into both segments eight and nine and gives 
mme external indications of the two ultimate openings in the adult. 
In some forms, two distinct openings are present, while in many only 
the single opening, above cited, is apparent. In a very few exceptional 
cases two distinct openings appear in forms normally showing the 
single linear aperture (Jackson, 1890). 


The Ovaries 

TJie ovaries are large and conspicuous and fill up the major portion 
of the abdominal cavity, lying on either side of the alimentary tract. 
Each ovarj^ consists of four ovarioles which extend forward tovrard 
the base of the abdomen and then pass backward becoming coiled, 
vertically, and uniting at their somewhat truncated tips. In some 
cases the ovarioles appear to unite in pairs but generally the four 
ovarioles have a common termination. The terminal filaments of the 
ovarioles are difficult to demonstrate and no common suspensory liga- 
ment is apparent. Each set of ovarioles ends freely in the body cavity, 
attached to the abundant fat body, and there is no common median 
supporting ligament such as is present in many other forms. The 
ovarioles are abundantly supplied with tracheae from the fourth and 
fifth pairs of abdominal spiracles. 

The four ovarioles, on either side, unite at their bases and lead 
into the single oviducts. 


The Genital Ducts 

The short single oviducts, arising from the bases of the ovarioles, 
unite to form a considerably longer common oviduct. This leads back- 
ward and is continuous with a larger and differentiated duct, the 
vagina. The vagina is dilated laterally in its median region and 
finally opens to the exterior between the cerci and immediately ante- 
rior to the anus. The vagina also has a considerably swollen portion, 
at its inner end, which marks the point of entrance of the single or 
spermathecal gland. 
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No exserted ovipositor is present in the adult moth, but the 
exsertible portion is visible in developing when it projects con- 

siderably between the cerci. In freshly emerged females the terminal 
abdominal segments are much telescoped and even the cerci are 
retracted, thus giving the tip of the abdomen a hollow aspect from 
the ventral side. 

The separate developments of the single oviducts and the common 
oviduct plus the vagina are also evident in the pupal condition when 
the line of union is clearly demarcated. 



Pig. D. Cleared aijocimon of bursa copulatrix and eighth abdominal sternite. 
a, chitinous funnel; h, small spines on dorsal wall of neck; c, eighth sternite; 
<?a, copulatory aperture; sd, seminal duct. Camera lucida drawing. X 32. 


The Bursa Copulatrix 

The bursa copulatrix is the most conspicuous organ with the excep- 
tion of the ovaries. It consists of a large, somewhat flattened pouch, 
with its opening on the eighth sternite (flg. D). The bursa extends 
forward into the fourth segment and is usually dark in color. The 
chitinous lining is very pronounced about the opening, and the dorsal 
portion also bears a number of small spines. About the middle of the 
bursa, the wall is invaginated internally so as to give two long, heavily 
chitinized, funnel-shaped rods. One rod appears on the dorsal wall, 
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while the other is ventral. A very pronounced muscular coat is evi- 
dent and the muscles seem to radiate somewhat from the broadened 
bases of these rods. 

In the Lepidoptera, the bursa cnpulatrix appears in a number of 
morpholog^ically different forms. In Bonibyx mori Liinn. the bursa 
copulatrix has no muscular coat, the sperms moving by their own 
motility to the muscled spermatheca, which regulates the passage of 
sperms at the proper time, Burgess (1880) described a muscular 
bursa i«i Danais archippus (Fabr.), and Stitz (1901) a similar organ 



Fig. E. Lateral view of edeagus of male, a, sheath; 
h, chitinous spines. Camera lucida drawing. X 91, 

in some of the microlepidoptera, e.g., Tortrix viridama Linn, and 
Crambus pratcllus Linn. Stitz also described internal chitinous thick- 
enings in the walls of the bursa and attributes to Hagen (1882) the 
first discovery of such structures in two species of Tineids. In his 
descriptions he refers to these structures as plates and “lamina 
dentata’’ and they would thus appear to differ considerably in their 
structure from the narrow funnels present on the bursa of Carpocapsa 
pomonella (Linn.). 

The function of these rods is not readily apparent and certainly 
does not seem to be for support, as they end freely in the cavity of the 
bursa and the walls of this organ are in themselves strongly chitinized 
and muscled. A study of the edeagus of the male reveals two sets of 
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conspicuous spines. The first sel; is situated at the distal end, with a 
pair of apical spines, and in close association a further series of three 
similar spines. The second set consists of three spines and is with- 
drawn within the sheath of the edeagus (fi^. E). A possible connec- 
tion between these spines and the rods of the bursa is apparent but 
no definite information on this point is available as considerable diffi- 
culty is experienced in matin^^ this species unless lar^e numbers are 
procurable. Pairs of moths in copula have been previously noted, and 
in some instances mating' was prolonged, obviously an unusual con- 
dition denoting a strong coupling arrangement (Allman, 1928). 

The Spermatheca 

The spermatheca is a thin-walled globular sac without the colored, 
conspicuous, chitinous lining usually present on this organ. It is 
situated on a short offset of the seminal duct leading from the bursa 
eopulatrix to the vagina. The walls do not have the ’well developed 
muscular coat which is sometimes present, for the movement of the 
sperms. 

The Seminal Duct 

The seminal duct leads from the base of the bursa eopulatrix and 
opens into the vagina just before the oviduct. Situated on a short 
offset, in the middle region, is the globular spermatheca. In freshly 
developing pupae the seminal duct opens directly into the common 
oviduct just prior to the latter’s entrance to the vagina, but in the 
adult condition a slight modification is apparent. 

The seminal duct is practically uniform in width throughout its 
entire length and in this respect agrees with the findings of Stitz 
(1901) concerning Tortrix virklana- Linn. Petersen and Luckhart, 
on the other hand, have found a considerable dilation of the seminal 
duct in some species of Tortricids (Stitz, 1901). 

The Accessory Glands 

A pair of colleterial glands and a single gland open into the vagina. 
The colleterial glands consist of a pair of long ceca opening into a 
pitted, thin-walled, and reniform reservoir. A single duct leads from 
this reservoir and enters the vagina, dorsally, in the region of its 
median enlargement. The function of thcvse glands is probably the 
production of the cement to fasten the eggs to the leaves or fruit. 
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The single gland also consists of an elongated cecum, entering a 
heavily muscled dilated portion of the vagina. Just prior to this 
entrance the gland is differentiated into a straight muscled section 
which, in turn, leads into a thin-walled, dilated, and spirally coiled 
portion, apparently functioning as a reservoir (fig. P). This reservoir 
leads into the long cecum which forms the major portion of the gland. 



Fig. F. Lateral view of spermatliecal gland and vaginal connections, e , ' 
caecum; c. ov, common oviduct; sd, seminal duct; sp, single or spermathecal gland i 
with spiral lumen; r, reservoir of single or spermathecal gland; v, vagina. Camera/ 
lucida drawing. X 53. 

In the muscled section the lumen has a pronounced spiral arrange- 
ment. The single gland probably corresponds to the spermathecal 
gland, commonly found in association with that organ, and its opening 
is adjacent to that of the seminal duct. 

The ceca of both sets of glands are considerably longer than the 
abdomen of the moth and are consequently much coiled in the fat 
body. They were also strongly adhesive to instruments used in the 
dissection of the moths. 
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The Internal Eods 

Two pairs of internal, elongated, chitinous rods are produced, 
laterally, in the terminal segments of the abdomen. The outer pair 
is produced from the tergite of the eighth segment and the inner 
pair probably constitutes a remnant of the ninth tergite. The inner 



Fig. G. Ventral view of heavily chitinized sections at the tip of the abdomen. 
0 , ccrciis; ir, inner rod; or, outer rod attached to eighth abdominal tergite. Camera 
lucida drawing. X 35. 


rods are much flattened and broadened at their posterior ends and 
partly cover the vagina in its dorsal and lateral aspects (fig. ■KT.fi; 
Both sets of rods serve for the attachment of a large series of muscles 
which cause the telescopic and ovipository movements of the abdomen. 
The inner set may also function in assisting in the act of oviposition 
(Tillyard, 1926). 
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HISTOLOGY OF THE REPRODUCTIVE SYSTEM 
Figure H 


The Ovaries ' 

Each ovary consists of four polytrophic ovarioles, which are, in 
turn, divided into three distinct regions, viz., the terminal filament, 
the germarium or germinative chamber, and the vitellarium which 
forms the major portion. The ovariole is bounded by an outer peri- 
toneal membrane, followed by a basement membrane and a layer of 
epithelial cells. The terminal filament is formed by a prolongation 
of the peritoneal membrane and functions as a suspensory ligament. 
The germarium is without the layer of epithelial cells and contains a 
mass of undifferentiated cells from which the egg and the yolk cells 
are formed. The main portion of the ovariole or vitellarium con- 
tains the developing eggs and the attendant yolk or nurse cells. The 
epithelium encloses each oocyte into a definite sac or follicle, and con- 
strictions between the egg cells proper and the nurse cells are lacking. 

The epithelial layer is very pronounced in the case of the develop- 
ing eggs, but becomes less distinct at the bases of the ovarioles where 
the mature eggs are situated. In the case of the oldest eggs the epi- 
thelium becomes very thin and flattened, with conspicuous elliptical 
nuclei. In addition to this change the chorion secreted by the epi- 
thelial cells, and the thin vitelline membrane developed from the egg 
cell are apparent. The chorion is very pronounced and is remarkable 
for its apparent looseness about the egg. The egg when deposited is 
exceedingly flat and thus differs greatly in shape from the egg in the 
ovariole. This fact may be responsible for the apparent excessive 
development of chorion. 

The greatest number of eggs in a single ovariole showing full 
development of the two membranes was five ^ and from this it was 
apparent that a moth would have, at one time, approximately forty 
mature eggs. This figure is considerably in excess of the actual daily 
deposition usually recorded in laboratory experiments. The female 
moth is generally stated to lay about one hundred eggs over a deposi- 
tion period of approximately twelve days. In one instance, a single 
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female moth, previously under observation, laid ninety-eight eggs over 
a period of five days, of which fifty-five were deposited on one day. 
It is therefore apparent that the limit of mature eggs in the ovarioles 
may be in excess of the number stated. In the instance cited, however, 



Pig. H. Dorsal view of reproductive system, with bursa copulatrix removed 
to the left. bCf bursa copulatrix; eg, colleterial glands; c. ov, common oviduct; 
or, colleterial reservoir; o, ovariole; «, spermatheca; sd, seminal duct (from 
sperma theca to vagina; sg, single or spermathecal gland ; i;, vagina. Diagrammatic. 
X 33 (Approx.). 

a period of seven days elapsed from emergence to the first deposition, 
consisting of fifty-five eggs, whereas the normal pre-oviposition period 
is two to three days and in many instances only one day. 

The walls at the base of the ovarioles show a limited development of 
circular muscles, but the main portions are not strengthened in this 
manner. 
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The Genital Ducts 

The oviducts are composed of an outer peritoneal membrane, over- 
lying a sheath of muscles that are, in the main, circular. Inside this 
sheath is a layer of epithelium, resting on a basement membrane and 
secreting internally a chitinous lining (ph 6). This chitinous lining 
in the single oviduct is often thrown into a regular series of minute 
folds, appearing as projecting points, which would allow of consider- 
able expansion of this otherwise inelastic substance. 

The eviduct is divided histologically into three portions, the single 
oviducts arising from the mesoderm, and the common oviduct and 
vagina, both of which are of ectodermal origin. 

The single oviduct is characterized by an extensive development 
of epithelium and the lack of the pronounced inner lining of chitin 
found in the other portions. The greater development of epithelium 
undoubtedly serves as a valve to regulate the passage of eggs from 
the ovarioles. 

The epithelium of the common oviduct is thrown into numerous 
folds, and usually one very pronounced longitudinal fold. The 
chitinous lining of this latter fold does not show the minute points seen 
in the much smaller and consequently leas extended folds, and would 
thus rule out this character as a fixation reaction. In sections with 
'the egg in course of passage,' the oviduct appears as circular and very 
even in outline. 

The vagina, which is continuous with the common oviduct, is dis- 
tinguished by a relatively great development of circular muscles. This 
muscular coat again diminishes at the posterior end and the majority 
of the muscles are attached to the ventral side of the vagina from the 
body wall and would thus appear to function in the retraction of the 
ovipositor. 

The epithelium is developed into a series of pronounced ridges in 
the region of the median lateral dilations of the vagina. This folding 
and lengthening of the epithelial layer has resulted in the formation of 
a pronounced dorsal pad of spindle-like cells with densely staining 
massed nuclei (pi. 7). The form of the epithelium together with the 
presence of the internal cavity indicates secretional activity. More- 
over, the duct from the colleterial reservoir enters the vagina imme- 
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diately adjacent and below this dorsal pad and it would thus seem 
probable that the egg is retained for some time in this vestibule and 
prepared for its coat of cementaceous material before its extrusion. | 

A histologically similar pad of spindle-like epithelium is also 
developed in the dilation at the inner end of the vagina. This dilation 
and epithelium mark the entrance of the secretion from the single or 
spermathecal gland and in addition occur at the point of union of the 
vagina and seminal duct. This arrangement recalls that of the col- 
leterial system with the exception that sperms and not eggs are under 
consideration. 

The chitinous lining of the vagina becomes much pronounced on 
the ventral wall in its posterior and apparently exsertible portion. 


The Bursa Copulatrix 

The bursa copulatrix is strengthened by a great development of 
muscles and a very pronounced internal chitinous lining. The hypo- 
dermal cells secreting this layer are large and distinct with pronounced 
nuclei. They give rise to a colorless stratified dermal layer and an 
inner colored chitinous lining. These two layers are thrown into a 
regular series of minute folds, each fold corresponding to a single 
hypodermal cell. In the region of the copulatory aperture the dermal 
region becomes very much thickened and the muscular coat is lost. 

The chitinous lining is further invaginated in the form of two 
elongated narrow funnels, one on each side of the bursa copulatrix 
(pi. 8u). These have a distinct serrated outline and are covered by 
a regular series of colored chitinous scales. A lumen is apparent in 
each of the funnels, but no opening at the tip into the cavity of the 
bursa was demonstrated. The hypodermal cells at the bases of these 
funnels are very minute, they lose their definite cell walls, and the 
nuclei are massed together and densely granulated (fig. I). This tissue 
extends into the lumen of the funnel and from its appearance seems 
to indicate secretional activity. 

The muscles do not cover the bursa copulatrix uniformly, but 
radiate from the broadened bases of the funnels, becoming much more 
apparent as they proceed toward the edges and disappearing entirely 
in the neck region of the bursa. The attachment of muscles in the 
basal region of the funnels may have led to the internal development 
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of the rods as supporting structures to counterbalance the pressure 
exerted by the very heavy muscular coat. A similar unevenness of 
distribution and radiation of muscles was described by Stitz (1901) in 
Tortrix viridana Linn. He reports, however, a lai^e ventral develop- 
ment of muscle in the region of the chitinous plates, whereas muscles 
are entirely lacking beneath the rods in Carpocapsa pomonella. 



Fig. I. Oross'section of base of internal funnel of the bursa copulatrix. 
a, hypodennal cells; 6, dermal layer; o, heavily colored, chitinized layer. Camera 
lucida drawing. X 400. 


The Spermatheca 

The spermatheca consists of a simple globular sac whose walls are 
formed of chitinous lining, a single layer of epithelial cells, basement 
membrane, and peritoneal membrane. A weak development of muscles 
is apparent about the lower portion of the spermatheca at the entrance 
of the seminal duct, but the main sac is without reinforcement and is 
frequently collapsed in sections. 

In situation and structure the spermatheca corresponds to the 
organ described by Balbiani as the bursa copulatrix of Bambyx mori 
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Linn, (vide Hennegny, 1904). In this latter form, however, an organ 
corresponding to the bursa copulatrix of the codling moth is not 
present. With this exception, the general arrangement of the genital 
apparatus is fairly comparable in the two species, but the single organ 
arising from the common oviduct is classified as the spermatheca with 
its accessory gland. 

Owing to the difficulty of securing fertile females at the time of 
the season when this investigation was undertaken, none of the speci- 
mens showed sperms in either the bursa copulatrix or spermatheca. 
In a number of instances the contents of the spermatheca appeared as 
a rather dense series of folded membranes of unknown origin. 


The Seminal Duct 

The lumen of the seminal duct is lined with a heavy chitinous coat, 
diminishing in thickness, however, as it approaches the genital duct. 
An extremely pronounced development of circular muscles is also evi- 
dent outside the median layer consisting of epithelium. The epi- 
thelium and chitinous lining are thrown into a series of six pro- 
nounced longitudinal folds, which is again most in evidence near the 
bursa copulatrix. The very heavy muscular coat is apparently 
developed for the movement of the sperms, as no such provision is 
made in the case of the spermatheca. 

The Accessory Glands 

Both sets of accessory glands are characterized by the presence of 
long ceca. Histologically, these ceca api)ear somewhat similar in both 
series, with the exception that those of the colleterial system are 
shorter and smaller in diameter. In transverse section, each cecum 
consists of approximately twenty wedge-shaped cells bounded exte- 
riorly by a basement and finally a peritoneal membrane. Interiorly, 
a pronounced chitinous lining is secreted, being thicker in the case of 
the single spermathecal gland. This chitinous lining is traversed by 
small canals to allow the passage, into the lumen, of the secretion. 
The epithelial cells contain granulated, very deeply staining cyto- 
plasm and very large nuclei. At their interior edges and around the 
chitinous lining are a number of smaller nuclei (pL 86). A similar 
structure has been described in the Orthoptera by Fenard (1896), 
who reports that these endothelial nuclei project into the lumen of the 
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ceca and completely close the cavity at the stage immediately preced- 
ing secretion. After secretion the epithelial cells show two concentric 
zones, one internal and deprived of granulations, and the other 
external and granulated. A somewhat similar condition is apparent 
in the colleterial ceca of the codling moth, but in addition to the 
internal cleared zone, other cleared areas are apparent around the 
periphery. The heavy chitinous lining would also prevent the oblitera- 
tion of the lumen such as occurs in the Mantidae. 

The walls of the colleterial reservoir consist of flattened epithelial 
cells, basement membrane, a thin sheath of muscular tissue and a 
peritoneal membrane. Internally, the epithelial layer secretes a thin 
chitinous lining. The wall is peculiar in the development of small 
intracellular refractile bodies. These are oval or pyriform and under 
high magnification show minute necks or canals which give access to 
the internal cavity of the reservoir. It is probable that these elements 
are unicellular glands and their prominent refractile nature due to 
secondary invagination and thickening of the chitinous lining of the 
reservoir. These bodies or glands extend up the nearer portion of 
the ceca but are absent from the main secreting section. Although 
the contents of the ceca appear homogeneous, the reservoir also con- 
tains a large amount of minute, darkly-staining particles usually 
evenly distributed throughout the sac, but in some cases also concen- 
trated at the edges. In Tortrix viridana Linn., similar grains are 
present, but only as an interior lining of the walls (Stitz, 1901) . It is 
pos.sible that the unicellular glands may function in the secretion of 
these particles. 

The single or spermathecal gland is differentiated into three sec- 
tions, a straight muscled portion, a spirally coiled reservoir, and 
finally the long cecum already described. 

The first section of the spermathecal gland has a very well 
developed muscular coat. The muscles are both longitudinal and cir- 
cular and follow somewhat the spiral lumen. The epithelium has 
secreted a conspicuous chitinous lining, reinforced in such a manner as 
to form a clearly demarcated spiral canal. This organ obviously acts 
as a pump for the movement of the secretion *(pl. 9). 

The walls of the enlarged or storage section are formed of the same 
constituents, with the epithelium and chitinous lining thrown into 
numerous folds to allow for dilation, and the muscular coat very much 
reduced. This development of muscle is entirely wanting in the 
long cecum. 
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SUMMARY 

1. The reproductive system consists of paired ovaries, single and 
common oviducts, vagina, bursa copulatrix, spermatheca, seminal duet, 
and accessory glands. 

2. Two external openings are apparent, the copulatory opening 
lying in the seventh segment, but situated at the anterior end of the 
eighth sternite. 

3. Two pairs of ehitinous rods are developed internally for the 
attachment of muscles to aid in the telescopic movements of the 
abdomen. 

4. Each ovary consists of four poly trophic ovarioles, without any 
median suspensory ligament. 

5. The genital ducts consist of a single layer of epithelium, a base- 
ment membrane, a mu.scle coat of circular fibers, and a peritoneal 
membrane. The common oviduct and vagina are lined internally with 
chitin. A differentiation is apparent into single oviducts, common 
oviduct, and vagina. 

6. The bursa copulatrix is developed to a great extent A pro- 
nounced ehitinous lining and muscular coat are formed. The ehitinous 
lining is extended into two elongated narrow funnels, one each in the 
dorsal and ventral regions. 

7. The spermatheca is a thin-walled globular sac without muscles. 

8. The .seminal duet has a seri(*s of longitudinal folds and a well 
developed muscular coat. 

9. Two pairs of accessory glands of ectodermal origin are present. 
The two colleterial ceca lead into a reservoir whose walls are char- 
acterized by small retractile bodies, probably unicellular glands. The 
spermatheca! gland is divisible into three portions, a cecum, reservoir, 
and a very heavily muscled pumping organ. 

10. A capacity for the daily deposition of forty eggs is indicated. 
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EXPLANATION OP PLATES 


All figures are camera lucida drawings or photomicrographs except where 
otherwise stated. The method of drawing and magnification is stated in the 
description of the individual figures. 


PLATE 5 

Ventral view of cleared abdom,en. The opening of the bursa eopulatrix is 
shown in the seventh segment and the genital opening indicated between the 
cerci. The relatively large size and heavy chitinous lining of the bursa copu- 
latrix are evident. Photomicrograph. X 22. 
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PLATE 6 

Cross-section of the common oviduct near its junction with the vagina. 
Note the folding ’of the epithelium, with the indication of a more pronounced 
dorsal fold, and the development of the circular muscles. The minute folding 
of the chitinous lining is not apparent in this section. Photomicrograph. X 353. 
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PLATE 7 

Longitudinal section of the vagina. Note the median enlargement, with the 
development of a pronounced dorsal pad of spindle-like epithelium. The entrance 
of the duct from the collcterial reservoir is indicated adjacent to the basal por- 
tion of this specialized epithelium. The heavy muscle coat is pronounced about 
the main portion of the vagina, but is lacking at the outer end, which also 
shows the ventral thickening of the chitinous inner lining. 

The large dorsal structure is apparently glandular but has no connection 
with either the hindgut (between this organ and the vagina) or the reproduc- 
tive system, and may function as a scent gland. Photomicrograph. X 153. 
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PLATE 8a 


Oross-section of the bursa copulatrix through one of the internal funnels. 
Note the serrated edge and sealiform covering of the funnel, together with a 
portion of the lumen. The lobed condition of the lining and the regular 
development of hypodermal cells of the bursa copulatrix are apparent. There 
is also the uneven development of the muscular coat, of which portion is 
missing on the ventral side. Photomicrograph. X 86. 


PLATE 8b 

Oblique sections of single or spermathecal caeca, and transverse sections of 
colleterial caecum (top, central section). Note the heavily staining granu- 
lated cytoplasm, epithelial cells and nuclei, pronounced development of endo- 
thelial nuclei, and chitinous inner lining, especially evident in the spermathecal 
caeca. The bottom section shows also the junction of the caecum and the 
reservoir, both containing some secretion. The development of an internal 
cleared zone is apparent in the colleterial caecum at the top. Photomicrograph, 
X 330, 
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PLATE 9 


Longitudinal section of the pumping organ of the single or spermathecal 
gland. Note the oblique arrangement of the epithelium and localized thicken- 
ing of the chitinous lining which gives the spiral lumen. The great develop- 
ment of both longitudinal and circular muscles is also apparent. Photomicrograph. 
X 333. 
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Macrorileya oecanthi Ashm. is an Eiirytomid (Chalcidoidea) para- 
sitic on the ep:f?s of tree crickets (grenus Oecanth us) . The following 
paper includes data on its life-liistory, habits, and economic signifi- 
cance, which were collected by the author while studying the life- 
history and control of the snowy tree cricket, Oecanihus nivens DeGeer. 
The observations were largely made at San Jose, California, during 
1927, 1928, and 1929. The life-history of this parasite is made espe- 
cially interesting by the facts that the eggs of the i)arasite are 
deposited by the side of the host eggs, and that the larvae of the 
parasite tunnel along the canes in search of the eggs of 0. nivens. 

Ashmead (1904) using oecanthi as a type describes the genus as 
follows : 

^^Pemalks. Head and thorax smooth or nearly or, at the most, very 
finely punctate, or feebly microscopically shagreened. Antennae with 
three ring-joints. Pronotum quadrate, a little narrower than the 
mesonotum and hardly shorter than wude ; parapsidal furrows distinct, 
complete ; head transverse, as wide as the thorax across from tegula to 
tegula, subconcave behind, convex in front, with a frontal excavation 
for the antennal scape ; flagellum subclavate, the funicle 6-jointed, 
joints 2-6 subquadrate, the last two a little wider than long; marginal 
vein very long, more than the stigmal vein, the postmarginal vein very 
long and slender ; abdomen very long and narrow, lanceolate, subcom- 
pressed, nearly twice as long as the head and thorax united, joints 5, 
6, and 7 long, the sixth the longest of the three, the eighth i)rojecting 
and pointed. 

Males. Antennae with three ring-joints. Head and thorax smooth 
or nearly, at most very finely punctate or microscopically shagreened, 
the parapsidal furrows sometimes delicate but distinct. Pronotum 
quadrate, nearly as long as wide and a little narrower than the meso- 
notum ; abdomen elongate, cylindrical, as long as the head and thorax 
united, the segments subeciual; flagellum subclavate, gradually thick- 
ened towards the tip, the last two joints of funicle transverse.’^ 
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THE ADULT STADIUM 

The adults (figs. 3, 4) are active yet, at the same time, clumsy 
insects, owing, no doubt to the greatly elongated abdomen, which is 
out of all proportion to the short legs and wings. The adults used for 
reinfesting the eggs of Occanthus niveus DeGeer under laboratory con- 
ditions, and for other laboratory observations, were kept in flasks and 
fed honey and water separately. At first the honey and water were 
placed in drops on the sides of the flask, but the awkwardness of this 
species is so great that they soon became hopelessly caught in either 
honey or water. In order to overcome this difficulty, sheets of paper 
were sprayed with a mixture of honey and water, using a fine spray 
which produced very minute droplets on the paper. The i)aper was 
then cut in strips and a strip inserted in each flask. This procedure 
avoided the difficulty of entangling the insects in their food. 

Both sexes fly well. Inasmuch as they are positively phototropic 
it was possible to make a few test flights in still air, by releasing them 
in the laboratory at a given distance from a window. In nearly all 
cases the specimens reached the window in a single flight. The greatest 
distance tested was sixteen feet. In view of these observations, it may 
be assumed that with favorable winds these parasites may have con- 
siderable distribution. 

The adults have a very distinct resting position which is assumed 
only in cold, dark places. The head is normally carried in a transverse 
position, or slightly bent under the thorax, but at rest the lower part 
of the head is thrown forward and upward so that the face is on the 
same line as the dorsum of the thorax. 

Mating occurs only in the sun on warm days. Numbers of speci- 
mens, males and females, were confined together but showed no interest 
in each other so long as they were in the shade. In the sun, however, 
mating occiured readily enough. In mating the male climbs to the back 
of the female, oriented as she is. Then he curls the tip of his abdomen 
under to the base of her abdomen. Immediately, he reverses his position 
and drops below the female. The male is of relatively small size, usually 
not longer than the abdomen of the female, and remains suspended 
from the lower side of her abdomen during copulation. The time 
required for mating varies from one to one and a half minutes. 
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Oviposition, likewise, occurs under the influence of sunlight. A 
flask, containing a number of males and females and ras})berry canes 
with 0. nivens eggs, was placed in the sun. Prior to being placed in 
the sun, no female attempted to oviposit. After being in the sun about 
twenty minutes, one female started to oviposit. Shortly, another began 
to oviposit on the same piece of cane. This cane was then gently lifted 
out with the two females on it and idaced under a binocular. The two 
females remained on the cane for some time and laid a number of eggs, 
during which time the following procedure was observed. In oviposi> 
tion, the female selects an egg i)uncture, after examining a number. 
The i)rospective location is first explored by the antennae, then by the 
palpi, which are thrown forward by the extension downward of the 
labium. The female then walks forward and attempts to insert the 
tip of the ovipositor in the egg puncture. In placing the tip of the 
ovipositor, the body is l)ent up in the middle with the wings held in 
line with the thorax and, consequently, away from the abdomen. If the 
ovipositor pierces the ])lug of chewed wood which protects the host 
egg, the female then walks backward, thus forcing the ovipositor down. 
When the ovipositor is fully inserted, the body is bent down in the 
middle. The ovipositor remains fully inserted for from one and one- 
half to two minutes, then is withdrawn by walking forward. After 
resting a few minutes another host egg is attacked. No attempt is 
made to move to a new location or to find additional focxl for the larva(». 
In view of the larval habits, this is probably unfortunate from the 
standpoint of biological control, as will be shown later. 


THE EGG 

The evipositor of M. oecanthi is very long; it was estimated, that it 
must reach nearly to the bottom of the host egg. Consequently, a 
search was made by dissecting out eggs which had been marked as the 
females oviposited in them. No ovipositing scar could be found in the 
cap of the host egg, and, after some search, the egg of the parasite was 
found attached to the outside of the host egg (fig. 2). The parasite 
egg was always laid near the lower end of the host egg, the outer shell 
of which was often found to be broken, as though to aid the young 
larva in its attack upon its host. 

The egg of M. oecanthi is roughly ellipsoidal, and about .23 mm. in 
length. At the upper end, the egg is continuous with a long filament 
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which extends the full length of the host egg. This filament is prob- 
ably the collapsed receptacle which provided the means of transit for 
the egg, through the narrow channel of the ovipositor. 

In the laboratory eggs were laid in the early part of October. In 
the field, however, the eggs may be laid at a considerably later period. 
The author was not able to observe oviposition in the field. The dura- 
tion of the egg stage is likewise unknown. It must be relatively 
short, however, since eggs laid on September 7 had produced what 
appeared to be mature larvae by November 2, when these were 
dissected out. 


THE LARVAL STADIUM 

The larva is cylindrical, elongated, whitish, naked ; having a dis- 
tinct head with two minute, raised, pigmented spots on the front, some- 
what resembling ocelli. The body is twelve-segmented, not counting 
the head. Ventrally, segments 4 to 7 show a pronounced bulging 
easily detected by the eye (fig. 1). The body ends bluntly in a trun- 
cated segment. The mouthparts are the only heavily chitinized part 
of the larva. They consist of a circum-oral ring supporting, dorsally, 
a three-pronged hook, the central prong being the shortest of the three. 
Inside of this ring are two fleshy protrusions apparently forming a 
sucker, with the mouth opening centrally between them. 

The larvae are very sluggish in their movements and even when 
violently stimulated, as by contact with acids or by heat, their move- 
ment can be detected only by close observation. Dorsally and ven- 
trally on segments 4 to 7 distinct dimples, are located, evidently used 
in the same manner as are the sucking discs of the Cerambycids. The 
bulging of the larvae in this region probably is an additional aid in 
graspipg the sides of the burrow. The flat disc at the end of the body, 
formed by the truncation of segment twelve, can likewise be strongly 
invaginated and no doubt functions as a sucker. The fleshy lobes, 
previously mentioned, which lie above and below the mouth, although 
resembling a sucker in structure have never been seen to exhibit the 
least movement. 

Attempts were made to rear larvae in petri dishes, after removing 
them from the canes, but in no case did a larva so placed succeed in 
puncturing an egg. In fact, their movements are so slow that it is 
impossible, to observe any reaction, either positive or negative, when 
the larva is placed in contact with a host egg. 
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I^gs. 1-4. 

If Lateral view of the larva of MacrorUeya oecanthi Ashm.; egg of M, 
oeoanthi Ashm. attached to the egg of Oeoanthus nweus DeG.j 3f M, oecanthi, 
Ashm.! male j 4, M» oeoanthi Ashm., female. All drawings X 40. 
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However, a number of larvae were dissected from canes and upon 
these the following study of habits is based. After hatching, the young 
larva probably first consumes the egg upon which it finds itself. This 
operation is probably very rapid, for the host eggs, once punctured, 
are quick to mold or decay. The larva then begins burrowing through 
the pith channel of the cane until it encounters another egg of niveus, ^ 
which it eats; then the larva continues to burrow along the stem to 
the next egg. The number of eggs consumed in this way, or injured in 
passing, so that molds get in, varies from ten to fifteen for each larva. 

The burrows constructed by the larvae are smooth and generally 
free from frass. Except where the larva consumes an egg, the burrow 
is probably constructed by compressing and packing the pith rather 
than by tearing pieces of it free. The burrows wind at random along 
the stem and rarely if ever double back on themselves. The length 
depends entirely \ipon the food supply. If the host eggs are closely 
placed, the burrow is short, if they are widely spaced the burrow is 
long. One burrow was observed which measured fifteen inches. It is 
peculiar that whenever a larva is found at the end of a burrow, it is 
usually headed in the opposite direction to that in which it must be 
traveling. This seems to indicate that the larvae travel backward, 
using the posterior sucker for compacting the pith as they advance. 
To test this, artificial holes were made in pieces of canes and in two 
cases larvae were placed in head first, and in a third, tail first. At the 
end of twenty-four hours, the two larvae placed in head first had 
backed out of their artificial burrows, while the one placed in tail first 
remained at the bottom of the hole, but had not tunneled farther. 
These results are too preliminary to enable one to state definitely that 
the larvae travel backward, but, so far, all indications are that such 
is the case. 

The larvae do not completely rid a section of the stem of eggs, but 
usually miss two or three in the entire feeding period. This, together 
with the winding character of the burrow, would indicate that 
the larvae are not capable of sensing the eggs, but come upon them 
by chance. Probably hunger is a stimulus to burrowing in this case. 

The larvae are believed to be cannibalistic since, whenever two are 
in the same burrow, they construct a compact plug of pith between 
them. Apparently, larvae commonly follow down the burrows of 
other larvae, for three larvae were once found in the same burrow, 
each separated from the rest by pith plugs. The middle one was thus 
a helpless prisoner. These tendencies and the female’s habit of 
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remaining in the same general locality while ovipositing, may greatly 
reduce the control which this species might otherwise exercise upon 
its host. 

The length of the larval period could not be determined, but prob- 
ably covers about ten months. Larvae pupated successfully in petri 
dishes, after being removed from the stem. Pupation occurred in the 
laboratory during the early part of July, and, as was previously 
pointed out, large larvae were obtained in the first part of November. 

THE PUPAL STADIUM 

The pupa exhibits the usual characters of Hymenopterous pupae 
and resembles the adult in sufficient characters to be distinguished 
readily. The very long, pointed, abdomen and very short wing pads 
of the female render the pupa easily recognizable. 



The pupa lies at the end of the burrow, usually, and is protected 
by a plug of pith in the open end of the burrow, thus making a distinct 
pupal cell. The pupae are incapable of movement. As has been said 
before, mature larv^ae pupate when lying free in a petri dish, and from 
pupae so obtained the pupal period was determined, under laboratory 
conditions. This period varied from 13 to 18 days, the emergences 
occurring during the latter part of July. Figure 1 shows the numbers 
of parasites which emerged on various days for the entire period of 
emergence from a single bundle of canes. These canes were kept out 
of doors through the winter, then removed to the laboratory about the 
middle of May. Where counts were made on odd-numbered days these 
were added to the following even-numbered days. 
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HOSTS AND HYPERPARASITES 

The writer has reared M. oeeanthi Ashm. from eggs of Oecanthus 
niveus DeG., and 0. calif ornicus Sauss. It seems likely that M. oeeanthi 
will attack the eggs of any tree cricket, that may be accessible to it. 

One species, an unidentified Peteromalid, was found to be para- 
sitic upon the larvae of M. oeeanthi. This hyperparasite was found as 
a minute larva, attached to the larva of M. oeeanthi. Two larva of the 
hyperparasite were found and one was reared to maturity. Both 
larvae completely devoured their host, leaving only part of the skin 
and the mouthparts. 
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THE CALIFORNIA SPECIES OF THE GENUS 
AMITERMES SILVESTRI (ISOPTERA) 


BY 

8. F. LIGHT 


The large tropicopolitan genus Amitermes Silvestri (Family Ter- 
mitidae, Order Isoptera) includes species with a very wide range of 
habits and habitats. A number of species of the genus range into 
southwestern United States, particularly into Texas, New Mexico, 
Arizona, and southern California. Here they are confined in large part 
to the desert or semi-desert arid regions and form a characteristic 
element of the faunas of such areas. For this reason I have designated 
them the Desert Termites (1929). 

These termites present numerous fascinating problems. Their life- 
histories, habits, and ecology are practically unknown. That they 
may become of economic importance we know from the attacks of 
Amitermes wheeleri Desneux on wooden structures (Banks and 
Snyder, 1920) and of Amitermes arizonensis Banks on young citrus 
trees (see below). Why is the desert especially favorable for them? 
What limits their distribution in it? How do organisms so delicate 
and easily desiccated as these preserve a sufficient moisture content 
within their galleries? How do they build their galleries? Why are 
some species able to eat only the outer, weathered wood while others 
attack the sound wood, or is this a mere matter of preference ? How, 
in the absence of xylophagous Protozoa, are they able to digest cellu- 
lose ? Do they produce a cellulase ? Are they by any chance fungus 
growers? Do they depend upon cellulose-splitting Protista? How 
large are the colonies? How, where, and when are the colonies 
founded? How rapidly do they develop ? What is the location of the 
royal pair and to what extent does the queen undergo physogastry? 
To what extent and under what conditions may we expect some or all 
of these species to become of economic importance ? These are only a 
few of the many interesting problems presented by these Nearctic 
intruders from the Neotropical Eegion. 
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Previous to the initiation of the field program of the Termite 
Investigations Committee in 1928, but two species of Amitermeo had 
been reported from California (Banks and Snyder, 1920) ; Amitermes 
arkonensis Banks, from Arrowhead Springs, San Bernardino County 
(Snyder), and Palm Springs, Riverside County (Hubbard); and 
Amitermes calif ornicus Banks from Jacumba, San Biego County 
(F. P. Keen), Arrowhead Springs, San Bernardino County (Snyder), 
and Coyote Wash, Imperial County (W. D. Pierce). The field investi- 
gations of Mr. A. L. Pickens, one of the field biologists of the Com- 
mittee, and those of the present author, together with the recent collec- 
tions of Mr. G. B. Castle and Mr. 0. L. Williams of the Termite Inves- 
tigations Committee, and single collections by others as noted in the 
discussions of distribution for the separate species, have given us a fair 
preliminary knowledge of the identity of the species found in the State, 
and their distribution. These collections have increased the number 
of species known from the State to seven species of which four species 
are new to science, as follows : 

Amitermes arizonensis Banks 
Amitermes calif ornicus Banks 
Amitermes emersoni new species 
Amitermes silvestrianus new species 
Amitermes snyderi new species 
Amitermes wheeleri Desneux 
Amitermes coachellae new species 

Three of the new species have been named respectively for Dr. 
Alfred E. Emerson, Associate Professor of Zoology in the University of 
Chicago, Dr. Filippo Silvestri, Director of the Laboratory of Zoology, 
College of Agriculture, Portici, and Dr. Thomas E. Snyder, Senior 
Entomologist of the United States Bureau of Entomology, each of 
whom has made notable contributions to the taxonomy and biology of 
termites. It is a pleasure to be able thus further to imbed these names 
in the nomenclature of the group. The fourth new species is named 
for the Coachella Valley where this remarkable fauna has been found. 

The maps accompanying the discussions of the individual species 
give the distribution as at present known. The dots represent locali- 
ties in which one or more collections have been made. That much 
remains to be done before our knowledge of these species is in anything 
approaching a satisfactory state is indicated by the fact that no alates 
or reproductives of any sort have been reported from the State, and 
that the alates of the new species are as yet unknown. There is also 
much confusion as to the identity of alates of the other species. 
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The key to the soldiers given below is purely artificial but should 
make possible ready determination of all the species for which the 
soldiers are known. Because of our very incomplete knowledge of the 
alates they have been ignored at this time. Amitermes tuiiformans 
Buckley is the only North American species of the genus whose soldiers 
are known but which has not yet been found in southeastern Cali- 



Figs. A and B. Head of soldier of Amitermes tubiformans Buckley in dorsal 
view, illustrating measurements used. 

Fig. A. The lines ab, od, and ef show, respectively, how head length, head 
width, and mandible len^h are measured. 

Fig. B. The line ab shows how minimum head width is measured. 

fornia. I have included it in the key in order to make this available 
for use in other parts of the United States. Some measurements and 
indices for this species are given to permit comparisons. 

It is believed that soldiers may be identified in the field with the 
aid of a hand lens. Worker identifications will present greater diflS- 
culties since satisfactory distinguishing characters have yet to be 
defined. 

Mr. Pickens has made many of the observations given under the 
brief discussions of the biology of the various species. Several other 
collaborators have had to do with formulating the data here presented. 
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Mr. G. B. Castle, in charge of collections for the Termite Investiga- 
tions Committee, has prepared the distribution data; Miss Frances 
gharman performed the arduous task of making the measurements on 
the workers of all save Amitermes emersoni new species, and my 
research assistant. Miss Ethel Craig, has made many measurements, 
prepared the illustrations, and in many ways aided the preparation 
of the manuscript. 

Use of Terms — 

The terms used to designate dimensions, and the indices, both of 
which appear in the diagnoses and descriptions of species, are defined 
below and briefly discussed. 



Pigs. O and D. Left i ^ndible of soldier of Amitermes myderi new species, 
illustrating measurements. 

Pig, C, The lines db and ed show, respectively, how mandible length and 
n^uimum mandible curvature are measured. 

Pig. D. The lines ab and cd show, respectively, how inner mandible length 
and mandible curvature are measured. 

Head length, unless otherwise qualified, refers to the length of the 
head capsule. It is measured, as indicated by figure A {ah) from the 
middle of the posterior margin to a line joining the anterior margins 
of the head capsule. For the workers there is given in addition, head 
length to the clypeal suture (bb' in fig. E) . 

Head width is measured at the widest point (fig. A, cd). 

Minimum head 'width is a dimension necessary in order to arrive at 
a value to represent the degree of anterior contraction of the head, the 
head contraction index, discussed below. As will be seen from figure B 
{ah ) , this is not a real dimension but the width which the head capsule 
would have at its extreme anterior end if the accessory contraction 
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resulting from the insertion of the antennae and the rounding in of 
the antero-lateral margins are eliminated. 

Mandible length is the length of the left mandible of the soldier 
measured from the notch at the base of the outer mandibular condyle 
to the tip of the mandible (fig. A, ef; fig. C, ab). This definition of 
mandible length is chosen because it allows for measurement of this 
dimension without dissection. 

Inner mandible length is measured in a straight line from the inner 
point of the basal projection of the left mandible to the tip of the 



Pig. E. Diagrammatic dorsal view of head of worker of Amitermes arizonensis 
Banks to show how head length, (ah) and head length to clypeal suture (hh') are 
measured. 

Fig. P. Diagrammatic ventral view of gula of soldier of Amitermes snyderi 
new species to show how gular length (ah), nuiximum gular breadth (cd)f and 
minimum gular breadth (ef) are measured. 


mandible (fig. D, ah). It is desired in order to arrive at a value to 
express mandible curvature in the mandible curvature index I dis- 
cussed below. In this genus it is a hybrid dimension varying with (1) 
length of mandible, (2) curvature of mandible, and (3) size and shape 
of the basal projection. This dimension was used by Emerson (1928) 
in deriving ^‘mandible curvature,^’ as defined below, for the soldiers of 
Mirotermes (Cubitermes), 

Mandible curvature {cd in fig. D), “a measurement which is taken 
by placing the left mandible in a natural position on a plane surface, 
then measuring with a micrometer the distance between an imaginary 
base line, running from the tip of the mandible to the J>asal projection, 
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and the edge of the mandible at the point of greatest curvature" 
(Emerson, 1928). 

Minimum mandible curvature (cd in fig. C) is a designation which 
I have used for want of a better term for the greatest distance, 
measured at right angles, between the base line made in measuring 
mandible length {ab in fig. G), and the inner margin of the mandible 
with the mandible lying on a plane surface. This was used in seeking 
a means of eliminating certain of the variable .factors in the derivation 
of mandible curvature index I, the resulting value being termed 
mandible curvature index II. 

Ouila/r length {ab in fig. F) is measured from the middle of the 
labial suture to the middle of the inner posterior margin of the gula 
(gnlamentum), represented by the dotted line in figure F. This is 
shorter than the actual observed external length of the sclerite but is 
used to avoid the difficulty found in determining the exact posterior 
limits of the sclerite if the outer margin is used. 

Maximum gular breadth (cd in fig. F) is measured at the widest 
point in the distal one-half of the sclerite. 

Minimum gvJar breadth (ef in fig. F) is measured at the point of 
greatest contraction in the proximal one-half of the sclerite. It is 
ordinarily less than the preceding measurement but where the con- 
traction is slight or lacking it may even exceed it, as in A. arieonensis 
(pi. 13, fig. 7). 

Pronotum width is measured at the widest point. 

Indices or ratios of proportion have been used in an effort to place 
these characters in readily usable form (Light, 1927). These indices 
have been derived so as to make them, save in rare cases, fractions of 
unity, thus making them readily comparable. Head index, a measure 
of relative breadth of head, is obtained by dividing maximum head 
breadth by head length, head contraction index by dividing minimum 
head breadth by maximum head breadth, head mandible index by 
dividing mandible length by head length, and gular contraction index 
by dividing minimum gular width by maximum gular width. Mandible 
curvature index I is obtained by dividing mandible curvature by inner 
mandible length. Mandible curvature index II is obtained by dividing 
minimum mandible curvature by mandible length. Table I shows the 
results of these two attempts to express mandible curvature by means 
of indices. 
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TABLE 1 

California Amitermes Species Arranged on the Basis of Mandible Curvature 
Indices I and n of the Soldier as Derived from Measurements 
Made on the Mandibles Figured in Plates 12 and 14 


Species 

Mand. Curv. 
Index 11 

Mand. Curv. 
Index I 

A. arizonensis Banks 

0.03 

0.11 

A. emersoni new species 

0.08 

0.25 

A . silvestrianua new species 

0.11 


A . califomicua Banks 

0.12 

0.42 

A. coachellae new species 

0.14 

0.33 

A . anyderi new species 

0.16 

0.43 


A comparison of the order of increasing curvature by means of 
mandible curvature index II with the observed degree of curvature, as 
brought out in photographs of the mandibles (pi. 12, figs. 6~10; pi. 14, 
figs. 8, 9), would seem to indicate this as the more accurate of the two 
indices. It at least eliminates the factor of variation in length and 
depth of the basal projection, which enters into mandible curvature 
index I. It will be seen that the discrepancy which arises in using 
mandible curvature index I is readily explained in the relatively wider 
and higher basal projection of A. calif omicus (pi. 12, fig. 6), which 
emphasizes mandible curvature and reduces inner mandible length and 
hence gives an abnormally high curvature index. While these indices 
must be applied to many more species before their general applicability 
can be ascertained, it seems probable that mandible curvature index II 
will give the more real indication of curvature of the mandible in 
groups where the curvature is at all prominent. Very slight curvatures 
could not be expressed by this value since there would be no minimum 
mandible curvature. 


PHYLOGENETIC GROUPINGS 

These eight species of Amitermes found on the borders of the 
Nearctic region are remarkably distinct as termite species go, even 
leaving out of consideration characters of alates, which may be 
expected still further to separate them. This would seem to suggest 
great age as species in spite of their present seemingly similar habitats. 
It may probably mean that they represent surviving remnants of 
larger species groups fitted to special differing ecological niches not as 
yet understood. 
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There are indications of phylogenetic affinities within the group, 
however, even in the absence of the alate characters, which will no 
doubt shed much light on this point. The shape and length of 
mandible, the nature and location of the teeth, and the shape of the 
gula seem to afford the most definite indications of relationships. The 
five groups which seem to be indicated are as follows : 

1. The tubiformans group 

A. tubiformans Buckley 
A. arizonensis Banks 
8. The wheeleri group 

A, wheeleri Desneux 
A, Coachella^ new species 
3. The snyderi group 

A. snyderi new species 
■ 4. The emersoni group 

A. emersoni new species 
A. silvestrianus new species 
5. The calif or nicus group 

A, calif omicus new species 

The affinities of these five groups are much in doubt and further light 
must be sought from the much to be desired studies on the winged 
caste. 


KEY TO THE SOLDIEES OF THE CALIFOBNIA SPECIES OF 
AMITEBMES 

1. Mandibles as long as or nearly as long as head, nearly straight save at tip ; 

antennae brown to black in distal half 2 

Mandibles shorter than head, distinctly curved; antennae yellow through* 
out 3 

2. Mandibles not so long as head, bent from near middle, teeth near middle 

of mandibles tuhiformans Buckley (fig. A) 

Mandibles about as long as head or longer, curved only near tip, tooth 
distinctly below middle A. arizonensis Banks (pi. 11, fig. 5) 

3. Teeth in middle of mandibles or beyond 4 

Teeth in proximal half of mandibles 6 

4. Mandibles massive, rough, strongly curved, mandible curvature index II, 

0,16 A, snyderi new species (pi. 11, fig. 4) 

Mandibles slender, smooth, less curved, mandible curvature index II, 
less than 0. 12 6 

5. Teeth in distal third of mandibles A, emersoni'new species (pi 11, fig. 2) 

Teeth near center of mandibles A, sUvestriaims new species (pi. 14, fig. 8) 

6. Mandibles very short, massive, dark red; teeth massive, cone-shaped, 

projecting. A, calif omicus Banks (pi. 11, fig. 1) 

Mandibles longer, thin; teeth small, hardly projecting 7 

7. Smaller, head less than one millimeter wide: ‘^head high”; mandibles 

slender beyond teeth A, whederi Dbsneux (fig. AA) 

Larger, head more than one millimeter wide: ” head lower”; mandibles 
broad beyond teeth .A. coaehellae new species (pL 14, fig. 1) 
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Amitermes axizonensis Banks 
Arizona termite (Essig) ; Arizona desert termite (Light) 

Plate 10; plate 11, figure 5; plate 12, figures 5 and 10; plate 13, figures 6 and 7; 

figures G-J 

AmiterTnes oalifomicus Banks 1920, U. S. Nat. Museum, Bull. 108. 

DIAGNOSES 

Soldier. Large, with light-colored swollen abdomen ; head capsule 
(pi. 11, fig. 5) short, nearly rectangular in dorsal view ; about 1.15 mm. 
wide and 1.27 long; head index about 0.9; head broadest behind 
middle, sides slightly convex, converging anteriorly ; head contraction 
index about 0.95. Mandibles nearly straight save at tips, slender, as 
long as head (fig. 6) ; head-mandible index about 1.0 ; teeth low, incon- 



H / 

Figs. G-J. Amitermes arisonensis Banks. All figures are camera lucida out- 
lines. X 40. 

Fig. G. Head of soldier in lateral view. 

J^g. H. Labrum of soldier in dorsal view. 

Fig. I. Pronotum of soldier in dorsal view. 

Pig. J. Labrum of worker in dorsal view. 

spicuous, in basal half of mandibles (pi. 12, fig. 10) ; left tooth low, 
slightly more distal than right and fitting into notch just in front of 
right tooth; right tooth pointed, projecting; mandibles somewhat con- 
stricted just proximal to teeth; basal projections relatively slight; 
mandible curvature slight, mandible curvature index I about 0.11; 
mandible curvature index II about 0.03. Gula (pi. 13, fig. 7) expand- 
ing posteriorly, broadest near posterior end, with a very slight con- 
traction posterior to middle; gular contraction index about 1.05. 
Distal half of antennae brown (pi. 11, fig. 5). 
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WoBKEB. Seemingly of two types, light-headed (perhaps nymphs 
of soldiers) and yellow-headed. Yellow-headed types considered to 
be definite workers. Head capsule rather rectangular, parallel-sided 
in anterior one-half (pi. 13, fig. 6) ; head more than 1 mm. in width; 
distal half of antennae brown; two outer teeth of each mandible 
(pi. 12, fig. 5) long, sharp, with deep narrow cleft between them. 


Miasubxmbnts in MiLUiUEiFERs, AND Intocks, OF SotDDSBS OF Amitermes 
ariaonensia Banks 



Maximum 

Minimum 

Average 

Number 

measured 

Head length 

1.36 

1.19 

1.27 

5 

Maximum head width 

1.19 

1.12 

1.15 

5 

Head width between antero-lateral comers 

.96 

.91 

.94 

5 

Minimum head width 

1.12 

1.07 

1.09 

5 

Mandible length 

1.39 

1.19 

1.30 

5 

Gular length 

.70 

.62 

.65 

5 

Maximum gular breadth 

.33 

.31 

.32 

5 

Minimum gular breadth 

.36 

.33 

.34 

5 

Pronotum width 

.84 

.79 

.82 

5 

Labrum length 

.36 



1 

Labrum width 

.29 

iniiiiii 


1 

Head index 

.94 



5 

Head contraction index 

.99 

.90 

.95 

5 

Head-mandible index 

1.00 

.98 

.99 

3 

Gular contraction index 

1.10 

1.00 

1.04 

5 

Inner mandible length 

1.26 



1 

Mandible curvature 

.14 



1 

Mandible curvature index I 

.11 




1 

Mandible length used in deriving mandible 





curvature index II ...» i 

1.39 



1 

Minimum mandible curvature 

.04 



1 

Mandible curvature index II 

.03 



1 







Measurements in Milumeters of Workers of Amitermes arizonenais Banks 



Maximum 

Minimum 

Average 

Number 

measured 

Head length 

1.06 

.97 

1.02 

5 

Head length to clypeus 

1 .89 

.71 

.79 

25 

Head width 

1.21 

1.00 

1.10 

25 

Distance between mandibular articulations 

.52 

.46 

.49 

25 

Clypeus length 

.29 

.20 

.27 

25 

Antenna length 

1.53 

1.18 

1.37 

25 

Mandible length 

.57 

.39 

.50 

25 

Pronotum length 

.35 

.21 

.30 

25 

Prmiotum width 

.72 

.57 

.65 

25 

Thorax length 

1.06 

.59 

.72 

25 

Thorax width.. 

.94 

.65 

.76 

25 

Abdomen length i 

2.54 

1.71 

2.06 1 

25 

Abdomen width 

1.53 

.94 

1.18 1 

25 
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Distribution, — This species was reported by Banks and Snyder 
(1920) from two localities in California, Arrowhead Springs near San 
Bernardino (Snyder), and Palm Springs (Snyder), and from several 
localities in southern Arizona. My collections in Arizona and south- 
eastern California and those of Pickens in California show this to 
be our commonest species of Amitermes. In Arizona I have taken it at 
Topac (just across the Colorado River, from Needles, California), near 
Casa Grande, in Florence, and in Sabino Canyon near Tucson. A 
collection by Mr. A. W. Keller, who has made a number of important 
collections in Arizona, from a point 71 miles north of Phoenix, extends 
materially its known northern range in Arizona. In California, as the 



Fig. K. Map of the southern counties of California showing distribution of 
Amitermes arieonensis Banks. The white area represents the lower Sonoran life 
zone and the dotted area the other life-zones as defined by Grrinnell (1915). 


map (fig. K) shows, it is common to the Colorado and Mojave deserts 
and spills over the mountain barriers, having been taken at River- 
side, Redlands, and Arrowhead Springs near San Bernardino and at 
La Jolla. The La Jolla record is based on a collection recently received 
from Professor W. E, Allen, of the Scripps Institution. Dr. Ralph H. 
Smith, Associate Entomologist of the Citrus Experiment Station at 
Riverside, has sent me collections from Riverside and Yucaipa. 

Biology, — Travelers in the desert regions of California and Arizona 
are often puzzled by finding worm-like earthen tubes in large numbers 
and in bizarre arrangement. These are the shelter tubes built by 
Amitermes arizonensis (pi. 10) over dead desert vegetation which it 
often eats entirely away, leaving the tubes duplicating each bend, 
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excrescence, and branch of the plant over which they were originally 
made. This termite is not known to enter wood but often builds broad 
sand or clay shelters over posts from which it eats only the paper-thin, 
outer, weathered layer. These shelters have been seen covering the 
whole surface of a pole for as high as twenty feet above the ground. 

While not known to be destructive to wooden structures, this 
termite has been reported (in lit,) by Dr. Ralph H. Smith as attacking 
young grapefruit trees, apparently first attacking the burlap of the 
‘ ‘ ball ’ ’ and going from this to the living tree. About one in a hundred 
trees were killed in the case reported. Cases of supposed damage by 
this species to palm trees have proved so far to be erroneous, although 
this termite commonly builds its covered way over the dead leaf stalks 
and the trunk. This has been noted, particularly in Redlands, but 
it occurs, no doubt in other localities. 


Amitermes califomicus Banks 

California termite (Essig) ; California desert termite (Light) 

Plate 11, figure 1; plate 12, figures 1 and 6; plate 13, figures 1 and 5; figures L-0 
Amitermes califomicus Banks 1920, U. S. Nat. Museum, Bull. lOB. 


DIAGNOSES 

Soldier. Small, abdomen usually gray, elongated. Head capsule 
(pi. 11, fig. 1) long; about 1.12 mm. wide and 1.36 mm. long; head 
index about 0.82; sides of head nearly straight, converging slightly 
from near posterior end ; head contraction index about 0.95 ; mandibles 
(pi. 12, fig, 6) short; massive, dark red; mandibles less than one-half 
as long as head ; head-mandible index about 0.46 ; mandibles strongly 
curved, mandible curvature index I about 0.42, II about 0.12 ; tooth 
large, conical, not shelf -like, projecting inward. Gula (pi. 13, fig. 5) 
broadest near anterior end, distinctly contracted posteriorly, narrowest 
near posterior end; gular contraction index about 0.73. Antennae 
yellow, shorter than head. 

Worker. Body elongated, grayish in color.* Head capsule (pi. 13, 
fig. 1) short and broad, rounded posteriorly, sides parallel anteriorly 
with squarely rounded antero-lateral corners ; head about 0.93 mm. in 
width; antennae light-colored throughout; mandibles (pi. 12, fig. 1) 
with i^ort blunt teeth; basal projection of left mandible broad and 
strongly convex posteriorly ; basal projection of right mandible shorter 
than distance between it and base of second tooth. 
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M N 

Pigs. lr-0. 

Amitermes califomious Banks. All figures camera lucidia outlines. X 40. 
Pig. L. Head of soldier in lateral view. 

Pig. M. Labrum of soldier in dorsal view. 

Pig. N. Pronotum of soldier in dorsal view. 

Fig. O. Labrum of worker in dorsal view. 


Measurements in Millimeters, anu Indices, op Soldiers op Amitermes 
calif omicus Banks 



Maximum 

Minimum 

Average 

Number 

measured 

Head length 

1.42 

1.33 

1.36 

5 

Maximum head width 

1.15 

1.04 

1.12 

5 

Head width between antero-lateral comers 

.88 

.81 

.86 

5 

Minimum head width 

1.04 

.96 

1.01 

3 

Mandible length 

.68 

.65 

.66 

5 

Gular length 

.73 

.70 

.72 

4 

Maximum gular breadth 

.34 

.31 

.33 

5 

Minimum gular breadth 

.26 

.20 

.24 

5 

Pronotum width 

.75 

.64 

.70 

5 

Labrum length 

.29 



1 

Labrum width 

.28 



1 

Head index 

.87 

.78 

.82 

5 

Head contraction index 

.96 

.93 

.95 

3 

Head-mandible index 

.48 

.45 


2 

Gular contraction index 

.80 1 

.62 i 

1 

.73 

5 

Inner mandible length 

.48 


1 

1 

Mandible curvature 

.20 



1 

Mandible curvature index I 

.42 



1 

Mandible length used in deriving mandible 





index II 

.68 



1 

Minimum mandible curvature.... 

.08 



1 

Mandible curvature index II 

.12 




1 
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MEiisxmxMSKTS nr Millimstees of Wobbj^ of Amitermes odlifomdcus Bakkb 


- 

Maximum 

Minimum 

Average 

Number 

measured 

Head length to clypeus 

.71 

.65 

.69 

9 

True head length 

.90 

.87 

.89 

5 

Head width 

.94 

.89 

,93 

9 

Distance between mandible articulations 

.45 

.42 

.44 

9 

Clypeus length 

.22 

.19 

.21 

9 

Antenna length 

1.24 

1.00 

1.15 

9 

Mandible length 

.46 

.37 

.41 

9 

Pronotum length 

.31 

.24 

.28 

9 

Pronotum width 

.55 

.48 

.53 

9 

Thorax length 

.77 

.60 

.65 

9 

Thorax width 

.77 

.59 

.67 

9 

Abdomen length 

2.36 

2.00 

2.20 

9 

Abdomen width 

1.48 

.94 

1.17 

9 


Distribution , — This species, described by Banks (1920), was 
reported by him from but three localities, two in California — Jacumba, 
San Diego County (Keen) and Arrowhead Springs, near San Ber- 
nardino (Snyder), the third locality, Sabino Canyon, Arizona (Hofer). 

I found it common at the mouth of Sabino Canyon, and a collection 
by A. W. Keller from Casterline Cabin some distance north of Phoenix 
adds considerably to the northern range of the species in Arizona. 

The collections of the Termite Investigations Committee and single 
collections by Mr, Walter Putnam and Mr. A. C. Davis show this 
species to have the widest range in California of any species of 
Amitermes (fig. P). It occupies both the Colorado and Mohave deserts 



Fig. P. Map of the southern counties of California to show distribution of 
Amitermes catifami&us Banks. The white area represents the lower Sonoran life 
aone and the dotted area the other life-zones as defined by Grinnell (1915. 
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and extends to the coast in Orange County (Putnam) and as far 
north as Fairmont in Los Angeles County (Davis). It is most abun- 
dant in the Joshua tree forest on the eastern slope of Cajon Pass where 
it infests the butts of dead flower stalks of Agave, 

Biology, — This species, while not known to make serious attacks on 
wood, is quite capable of eating it and has been found eating stakes 
and pieces of wood on or in the ground as well as attacking dead 
stunips and stubs. Its most favored location is the base of dead flower 
stalks of Agave where large colonies including nymphs with large wing 
pads were found in early September by Emerson, Snyder, Pickens, 
Harvey, and myself in the upper reaches of the Joshua tree forest on 
the eastern slope of Cajon Pass. (See also Snyder, 1920, for a discus- 
sion of the biology of this species.) 


Amitermes emersoni new species 
Emerson 's desert termite 

Plate 11, figure 2; plate 12, figures 2 and 7; plate 13, figures 2 and 8; plate 14, 

figure 7; figures Q-U 


DIAGNOSES 

Alate. Unknown. 

Soldier. Small, head capsule about 0.99 mm. wide and 1.12 mm. 
long. Head broadest near posterior end, sides convex, converging 
anteriorly ; head index about 0.88 ; head contraction index about 0.77. 
Mandibles slender, light-colored, not strongly curved; basal projec- 
tion not large; mandible curvature index I about 0.25, II about 
0.08; mandibles fairly long, head-mandible index about 0.72; teeth 
in outer third of mandibles, sharp, directed toward base of mandible. 
Gula broad, broadest near posterior end, broadly but shallowly con- 
tracted near middle; gular contraction index about 0.95. Antennae 
somewhat longer than head, pale yellow-brown. 

Worker. Head averaging 0.95 mm. in width and 1.12 mm. in 
length, shaped as in figure 2 of plate 13. Mandibles with blunt teeth ; 
basal projection of right mandible longer than distance between it 
and base of second tooth; basal projection of left mandible pointed, 
its proximal surface not convex. 


DESCRIPTIONS 

Soldier. Head and antennae yellow, mandibles light yellow at 
base deepening to light yellow-brown distally ; legs and ventral areas 
of thorax and abdomen white, dorsal surfaces of thorax and abdomen 
with yellowish tii^e; abdomen with dark appearance due to dark 
material in intestine. Abdomen not greatly swollen, more or less 
cylindrical, blunt posteriorly. 
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Amitermes emersoni new species. All figures camera lucida outlines. X 40. 

Fig. Q. Head of soldier in lateral view. 

Fig. B, Labrum of soldier in dorsal view. 

Fig. 8. Pronotum of soldier in dorsal view. 

Fig. T. Labrum of worker in dorsal view. 

Head (pi, 11, fig. 2) broad, broadest near posterior margin, sides 
somewhat convex, posterior border nearly straight, postero-lateral 
corners broadly rounded, sides converging from near posterior end, 
bead index about 0.88, head contraction index about 0.77 ; head high 
with steep, curved, posterior and lateral sides, and steep, truncated 
frons; fontanel protuberance slight; marked by dense group of light 
reddish hairs of various sizes. 

Mandibles as in figure 7 of plate 12 ; narrow in dorsal view, about 
half as thick as bro^; directed somewhat upward from the bases, 
weakly incurved from near middle ; basal projection small, low ; man- 
dible curvature index I, 0.25, II, 0.09 ; mandibles not as long as head ; 
head mandible index about 0.76 ; teeth in outer one-third, sharp, shelf- 
like, directed basally, projecting inwardly but little. Antennae (pi. 11, 
fig. 2) longer than head, of fourteen segments, IV shortest. III to V 
together twice as long as II. 

Labrum as in figure B. 

Gula (pi. 13, fig. 8) broad in proportion to length, contracted 
behind middle, giilar contraction index about 0.95. 

Pronotum as in figure S. 

WoBKER. Small, head not more than 1 mm. wide; abdomen not 
greatly swollen, cylindrical, darkened by intestinal content; head 
^ape (pi, 13, fig. 2) close to that of worker of A. wheeleri; mandibles 
as shown in figure 2, plate 12, and figure 7, plate 14. 
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Measurements in Millimeters^ aitd Indices, of Soldiers of Amitermes emersoni 

New Species 



Maximum 

Minimum 

Average 

Number 

measured 

Head length 

1.18 


1.12 

4 

Maximum head width 

1.03 

.95 

.99 

4 

Head width between antero-lateral corners 

.75 

.65 

.69 

4 

Minimum head width 

.82 

.71 

.77 

4 

Mandible length 

.83 

.81 

.82 

5 

Gular length 

.60 

.56 

.58 

4 

Maximum gular breadth 

.34 

.31 

.33 

4 

Minimum gular breadth 

.33 

.30 

.31 

4 

Pronotum width 

.64 

.47 

.50 

2 

Labrum length 

.25 



1 

Labrum width 

.20 



1 

Head index 

.93 

.84 

.88 

4 

Head contraction index 

.80 

.73 

.77 

4 

Head-mandible index 

.79 

.73 


2 

Gular contraction index 

.97 

.91 

.95 

4 

Inner mandible length 

.68 

.67 


2 

Mandible curvature 

.17 

.17 


2 

Mandible curvature index I 

.26 

.25 


2 

Mandible length used in deriving mandible 





curvature index II 

.83 



1 

Minimum mandible curvature 

.07 



1 

Mandible curvature index II 

.08 



1 







Measurements in Millimeters of Workers of Amitermes emersoni New Species 



Maximum 

Minimum 

Average 

Number 

measured 

True head length 

.84 

.79 

.82 

4 

Head length to clypeus 

.65 

.56 

.61 

4 

Head width 

.98 

.91 

.94 

4 

Distance between mandible articulations 

.47 

.43 

.44 

4 

Cljrpeus length 

.33 

.28 

.30 

4 

Antenna length 

1.12 

1.00 

1.06 

4 

Mandible length 

.48 

.47 

.47 

4 

Pronotum length 

.29 

.25 

.26 

2 

Pronotum width 

.54 

.47 

.51 

2 

Thorax length 

.53 

.43 

.48 

2 

Thorax width 

.70 

.69 

.64 

2 

Abdomen length 

1.43 

.96 

1.19 

2 

Abdomen width 

1.00 

.78 

.89 

2 
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Biology and distribution , — ^But little is known of this species* The 
only three collections were made by Pickens, one from a winter com 
patch at Coachella, another from small dead trunks, probably of the 
desert willow {ChUopsis), in the vicinity of Salton on the Salton Sea, 
and the last from Chilopsis mounds near Cathedral City, all in the 
northern end of the Colorado Desert, Riverside County (fig. U). 



Fig. U. Map of the aouthern counties of California to show distribution of 
Amitermes emersoni new species. The white area represents the lower Sonoran 
life zone and the dotted area the other life-zones as defined by Grinnell (1915). 


Amitemes silTestrianus new species 

Silvestri’s desert termite 
Plate 14, figures 2, 4, 6, and 8 


DIAGNOSIS 

Alate unknown. 

Soldier. Of the emersoni group, nearest to A, emersoni; mandibles 
more strongly curved, mandible curvature index II, 0.11 ; tooth lower, 
near middle of mandible, smaller; mandible thicker below tooth; 
head much less contracted than in A, emersoni, head contraction index 
about 0.95. 

DESCRIPTION 

Alate unknown. 

Soldier. Generally white to light yellow save distal two thirds of 
mandibles which are light brown. Head (pL. 14, fig. 2) broad oval, 
sides moderately convex, broadest in middle, postero-lateral comers 
broadly rounded, but little contracted anteriorly ; head relatively low 
without prominence in fontanel region as in A. emersoni (fig. Q). 
Mandibles (pi. 14, fig. 8) more bent than in A, emersoni, left tent at 
level of tooth; right below tooth; teeth small, not projecting, directed 
in axis of basiil half of mandible mandible widest (save at base) just 
distal to tooth. Antennae much as in A. emersoni. Gula wider and 
flatter than in A. emersoni. 
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Measueemekts m Millimeters, and Indices, of Two Soldiers of Amitermes 
sUvestrianus New Species 



A 

B 

Head length 

1.14 


Maximum head width 

0.92 


Minimum head width 

0.87 


Mandible length 

0.92 

0.89 

Gular length 

0.58 

Maximum gular breadth 

0.34 


Minimum gular breadth 

0.33 


Pronotum width 

0.61 

0.63 

Head index 

0.81 

0.83 

Head contraction index 

0.95 

0.94 

Head mandible index 

0.81 

0.79 

Gular contraction index 

0.97 




Worker. Close to A. emersoni but head narrower and longer, sides 
gradually converging posteriorly ; mandibles as in figure 8, plate 14. 


Measurements in Millimeters of Workers of Amitermes sUvestrianus 

New Species 



A 

B 

Head length 

0.73 

0.76 

Head width 

0.83 

0.94 

Pronotum width 

0.46 

0.56 



Measurements in Millimeters of a Befroductiye Ntmph of Last Instar 
OF Amitermes sUvestrianus New Species 


Head length (including labrum) 1.09 

Head width (maximum) 0.86 

Pronotum width 0.76 

Length over all 5.35 

Length of mesothoiracic wing pads 1,01 


Distribution and biology. — The single collection of this species was 
made by Mr. G. B. Castle of the Termite Investigations Committee 
in the dry bed of the Whitewater Eiver near Garnet in the upper 
Coachella Valley. 
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Amitermes myderi new species 
Snyder's desert termite 

Plate 11, fig 4; plate 12, figures 4 and 9; plate 13, figures 4 and 10 ; figures V-Y 

DIAGNOSES 

Alate. Unknown. 

Soldier. Large, head capsule about 1.30 mm. wide or wider and 
about 1.50 mm. long; head broad, oval in dorsal view; head index 
about 0.9 ; head broadest just behind middle, sides convex, converging 
anteriorly ; head contraction index about 0.85 ; head high with rounded 
dorsal profile ; mandibles light save at tips, short and strongly curved, 
outer ends bent in, nearly at right angles; head-mandible index about 
0,62 ; basal projection large ; mandible curvature index I about 0.43, 
II about 0.16; tooth in outer one-third, projecting somewhat but 
directed posteriorly due to curvature of mandibles. Gula widened in 
anterior one-half, shallowly contracted near posterior end ; gular con- 
traction index about 0.88. Antennae yellow, about as long as head. 

Worker. Large; abdomen leathery in appearance, ordinarily 
black from intestinal contents. Head large, about 1.15 mm. wide and 
about .90 long; head with labrum, circular in outline; second tooth 
of mandibles shorter than in A. arizonensis ; third tooth of right man- 
dible prominent; notch between it and basal projection distinct; basal 
projection prominent, longer than its distance from second tooth; 
antennae long, considerably longer than head with labrum. 



o 

X 

Tigs, V-Y. 

. Amitermes snyderi new species. All figures camera lucida outlines. X 40. 
Mg. V. Head of soldier in lateral view. 

Fig. W. Labrum of soldier in dorsal view. 

Fig. X Pronotum of soldier in dorsal view. 

Fig. Y. Labrum of worker in dorsal view. 
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DESCRIPTIONS 

SoIjDIBB. Head and antennae light yellow, mandibles light yellow 
at base to light reddish brown distally ; femora white, tibiae and tarsae 
pale yellow, basal leg sclerites and thorax pale, rusty brown ; abdomen 
pale yellowish-white with dull gray-blaek appearance due to abdominal 
contents. Head broad and massive, thoracic region narrow, abdomen 
broad, swollen, pointed posteriorly. 

Head (pi. 11, fig. 4) very broad oval in dorsal outline, sides more 
convex than posterior margin; ventral surface of head (fig. V) flat 
behind, curving sharply up to mandibular articulation ; head rounding 
up from lateral and posterior margins to high, domed central area; 
sloping downward in anterior quarter at an angle of about 45° save 
in center which is marked by low sloping, somewhat irregular, fontanel 
protuberance ; reddish hairs, scattered, save in region of fontanel pro- 
tuberance and particularly about fontanel aperture where numerous 
and large. 

Mandibles as in figure 9 of plate 12; broad, flattened, strongly 
incurved from about middle, directed somewhat upward from basal 
articulations (fig. V) ; teeth in outer one-third, projecting somewhat, 
but directed backward. Antennae (pi. 11, fig. 4) slender, particularly 
so in region of segments III-V, slightly longer than head capsule ; of 
15 segments; segments III~V small, together not much longer than II. 


Measurements in Millimeters, and Indices, of Soldiers of Amitermes snyderi 

New Species 



Maximum 

Minimum 

Number 

measured 

Head length 1 

1.55 

1.44 

2 

Maximum head width 

1.43 

1.27 

2 

Head width between antero-lateral corners 

.99 

.95 

2 

Minimum head width 

1.19 

1.12 

2 

Mandible length 

.96 

.87 

3 

Gular length 

.81 

.75 

2 

Maximum gular breadth 

.47 

.44 

2 

Minimum gular breadth 

.42 

.38 

2 

Pronotum width 

.78 

1 

Labrum width 

.36 


1 

Labrum width 

.37 


1 

Head index 

.92 

.88 

2 

Head contraction index 

.88 

.84 

2 

Head-mandible index 

.66 

.58 

2 

Gular contraction index 

.90 

.86 

2 

Inner mandible length 

.79 

1 

Mandible curvature 

.34 


1 

Mandible curvature index I 

.43 


1 

Mandible length used in deriving mandible curva- 
ture index II 

.96 


1 

Minimum mandible curvature 

.15 

mm 

1 

Mandible curvature index II 

.60 


1 


■■■Hi 
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Labrum broad (fig. W), somewhat contracted near base, with 
truncate or broadly rounded tip, hairing sparse, four termini sub- 
equal spines, three or four other hairs on either side, usually in a 
single row, decreasing posteriorly. Gula (pi. 13, fig. 10) broad, con- 
tracted broadly but shallowly in posterior one-half. 

Pronotum as in figure X. 

Worker. Generally white, with yellow-red spots marking mandible 
margins and articulations ; abdomen a dirty gray-black owing to con- 
tents. Head broad, thorax relatively narrow, abdomen swollen. Head 
(pi. 13, fig. 4) rounded in dorsal view. Mandibles as in figure 4 of 
plate 12. 


Mbastjebments in Millimeters op Workers op Amitermes snyderi New Species 



Maximum 

Minimum 

Average 

Number 

measured 

Head length 

.95 

.84 

.89 

f 

Head length to clypeus 

.89 

.81 

.83 

25 

Head width 

1.18 

1.06 

1.11 

25 

Distance between mandible articulations 

.64 

.50 

.54 

25 

Clypeus length 

.31 

.28 

.29 

25 

Antenna length 

2.19 

1.59 

1.77 

25 

Mandible length 

.55 

.42 

.51 

25 

Pronotum length 

.53 

.42 

.45 

25 

Pronotum width 

.81 

.74 

.77 

25 

Abdomen length 

2.74 

1.89 


25 

Abdomen width 

1.77 

1.30 


25 


Biology and distribution , — This species has been taken but six 
times, all in the Mojave and Colorado deserts. Practically nothing is 
known of its habits. Each time it was found attacking wood, in local 
damp areas, at altitudes of from one thousand to two thousand feet. 
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Pickens found it attacking a redwood post and the roots of desert 
ironwood {Olneya)^ and in desert willow (Chilopsis)^ cholla, and 
creosote bush {Larrea), and I found it attacking a pine board partly 
buried in the moist sand, and in fallen branches of Ywca, 


Amitermes tubiformans Buckley 

The tube forming termite (Essig) ; The tube building desert termite 

(Light) 

Figures A and B 

Termes tuhiforrrums Buckley 1863, Proc. Ent. Soc. Phila., 1 (1862) : 213. 
Hamitermes tubiformans Holmgren, 1912, Kgl. Svensk. Vetensk. Akad. 
Handl., 48:91. 

Amitermes tubiformans Banks, 1920, U. S. Nat. Mus. Bull. 108:55. 


Measurements in Millimeters, and Indices, of Soldiers of Amitermes 
tubiformans Buckley 



Maximum 

Minimum 

Average 

' Number 
measured 

Head length 

1.43 

1.33 

1.38 

3 

Maximum head width 

1 24 

1.18 

1.21 

3 

Minimum head width 

BBnfl 

.98 

1.04 

3 

Mandible length 

1.24 

1.16 

1.21 

3 

Maximum gular breadth 

.37 

.37 

.37 

2 

Minimum gular breadth 

.36 

.36 

.36 

2 

Pronotum width 

.81 

.76 

.78 

3 

Head index 

.88 

.87 

.88 

3 

Head contraction index 

.89 

.83 

.86 

3 

Head-mandible index 

.87 

1 

Gular contraction index 

96 

.96 

.96 

2 

Inner mandible length 


1 

Mandible curvature 

.28 



1 

Mandible curvature index I 

.26 



1 

Mandible length used in deriving mandible 
curvature index II 

1.18 



1 

Minimum mandible curvature 

.12 



1 

Mandible curvature index II 

.10 



1 





Amitermes wheeleri Desneux 

Wheeler’s termite (Essig) ; Wheeler’s desert termite (Light) 

Plate 11, figure 3; plate 12, figure 8; plate 13, figures 3 and 9; figures AA-BD 
Termes wheeleri Besneux 1905, Ann. Soc. Ent. Belg. 

Amitermes wheeleri Banks, 1920, U. 8. Nat. Mus., Bull. 108. 

DIAGNOSES 

Second form reproductive. Head about 1.05 mm. wide and 1.32 
mm. long; fontanel large, irregular; ocellus about twice as long as 
broad, separated from eye by somewhat more than its own long 
diameter; antennal spot as wide as twice the length of ocellus; pro- 
notum about 0.55 mm. long and 1.02 mm. wide. 
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Soldier. Small, head considerably less than. 1 mm. wide; head 
index about 0.78; head broadest near posterior end, sides nearly 
straight, converging anteriorly, head contraction index about 0.90; 
head high in front, frons declivitous (fig. AA) ; mandibles (pi. 12, 
fig. 8) red, broad, curved throughout; basal projections large, left 
basal projection with irregularly convex face; head-mandible index 
about 0.70 ; teeth below middle, somewhat projecting, directed mediad 
and basally, separated from basal projections by a deep broad notch 
with curved inner margin ; no notch in lateral margin at tooth level ; 
gula broad in proportion to head ; gular contraction index about 0.90 ; 
antennae short, about as long as head, very pale yellow. 



<o 

cc 

Figs. AA-BD. Amitermes wheeleri Desneux. All figures camera lucida out- 
lines, X 40. 

Fig. AA. Head of soldier in lateral view. 

Fig. BB. Labrum of soldier in dorsal view. 

Fig. CC. Pronotum of soldier in dorsal view. 

Fig. BB. Labrum of worker in dorsal view. 

Worker. Small ; head white, not more than 0.90 mm. wide ; thorax 
narrow, white ; abdomen in life slender ; intestinal contents brown in 
life, gray brown in preservation; antennae short, white; mandibles 
smril, first two teeth short, blunt; basal projection of left mandible 
strongly convex posteriorly ; outer margin of left mandible straight. 

Second form reproductive. Generally well pigmented, brown to 
brownish yellow; eyes black with brownish tinge, surrounded by pale 
zone ; body generally heavily haired ; wing pads narrow, margined with 
dense zone of long hairs, anterior wing pad extending considerably 
beyond posterior border of metathorax; thorax swollen; a distinct 
white suture between dorsal sclerites and lateral chitin. 

Head, with mouth parts, elongate, rounded behind, parallel-sided ; 
mouth parts large aM elongate; eyes circular, flat; ocelli distinct, 
small, directed anteriorly and medially at angle of 45® to transverse 
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axis, about twice as long* as wide, separated from eye by somewhat 
more than their long diameter and from antennal spots by somewhat 
less than their long diameter; antennal spots, distinct, semilunar, 
as wide as twice the length of ocellus ; fontanel large, white, irregular, 
marked posteriorly by pigmented border ; fontanel arising from ante- 
rior half of circular, yellowish spot, clear of hairs, presumably mark- 
ing location of cephalic gland; postclypeus yellow, swollen, with 
slightly concave anterior border and strongly convex posterior border ; 
anteclypeus white, when labrum is extended, as long as postclypeus ; 
labrum flat, yellow, spatulate with narrow proximal region, leaving 
uncovered much of basal area of swollen mandibles; Y-suture abortive, 
its arms marked by irregular white lines beginning a little more than 
long diameter of ocellus in front of fontanel and ending about long 
diameter of ocellus from antennal spots, at about level of posterior 
border of antennal spots. 


Measxjrements IN' millimeters, and Indices, of Soldiers op Amitermes whceleri 

Besnbux 



Maximum 

Minimum 

Average 

Number 

measured 

Head length 

1.12 

1.04 

1.07 

5 

Maximum head width 

.89 

.78 

.84 

5 

Head width between antero-lateral corners 

.68 

.61 

.65 

5 

Minimum head width 

.76 

.74 

.76 

3 

Mandible length 

.81 

.71 

.76 

5 

Gular length 

.60 

.51 

.56 

5 

Maximum gular breadth 

.31 

.26 

.30 

5 

Minimum gular breadth 

.28 

.24 

.26 

5 

Pronotum width 

.57 

.51 

.53 

5 

Labrum length 

.31 

.25 


2 

Labrum width 

.31 

.25 


2 

Head index 

.81 

.75 

.78 

5 

Head contraction index 

.90 

.89 

.90 

3 

Head-mandible index 

.76 

.67 

.71 

5 

Gular contraction index 

.94 

.80 

.86 

5 


Measurements in Millimeters op Workers of Amitermes wheeleri Desneux 



Maximum 

Minimum 

Average 

Number 

measured 

True head length 

.77 

.68 

.73 

5 

Head length to clypeus 

.62 

.59 

.60 

25 

Head with 

.80 

.77 

.78 

25 

Distance between mandible articulations 

.39 

.33 

.37 

25 

Clypeus length 

.24 

.18 

.21 

25 

Antenna length 

1.00 

.71 

.88 

25 

Mandible length 

.44 

.28 

.33 

25 

Pronotum width 

.53 

.42 

.48 

25 

Thorax length 

.89 

.47 

.65 

25 

Thorax width 

.65 

.47 

.55 

25 
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Pronotum with nearly straight, slightly emarginate anterior border ; 
antero-lateral comers rounded ; sides receding strongly to join short, 
weakly concave, posterior border; mid-longitudinal line narrow but 
distinct, a wider, somewhat sinuous white line marking inner half of 
transverse groove. 


Measubements IN' Millimetebs of Second Fobm Bepboductive of Amitermes 

wheeleri Desneux 


Head length (to tip of labrum) 1.32 

Maximum head width 1 .04 

Pronotum length 54 

Pronotum width 1.02 

Thoria length 1.22 

Abdomen length 2.49 

Abdomen width 1 .39 


Distribution , — ^Banks and Snyder report this species as common in 
Texas. A collection made for the Termite Investigations Committee 
by Mr. and Mrs. A. W. Keller, near Tucson, is the only Arizona record. 
There is good reason to believe it to be present throughout the southern 
region of that State, however, since the collections of the Termite 
Investigations Committee have shown it to be common in the Colorado 
Desert region in California (fig. EE), and a collection from Rice 
(Pickens) and two collections from the western margin of the Mojave 
Desert (fig. EE) seem to place it as a member of the fauna of that 
desert. 



Fig. ££. Map of the southern counties of California to show distribution 
of Amitermes wheeleri Besneux. The white area represents the lower Sonoran 
life zone and the dotted area the other life-zones as defined by Grinnell (1915). 
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Biology (see also Snyder, 1920). — This species has not been found 
building covered ways above ground, but is commonly found attacking 
wood of poles, posts, stakes, etc., in the ground, and dead desert shrubs 
or the dead portions of living shrubs. At Whitewater Station in the 
Colorado Desert, I found it very common in cow chips. Snyder (1920) 
reports it as doing serious damage to wooden structures, and Pickens 
and Harvey found it attacking butts of telephone poles near Indio. 
In most cases, the damage done was not comparable with that done by 
Neotermes simplicicornis (Banks). In one case, however, the damage 
was extensive, and a remarkable feature was the apparent preference 
shown for the hard portion (summer wood) of the annual ring. In 
another ease a redwood pole was attacked, cylindrical covered ways 
being built over the surface. The galleries within were angular or 
rectangular in cross-section. The attack extended from ground level 
to forty inches below ground. 

Pickens has noted that this species seems to be very tolerant of 
individuals introduced from other colonies, although this may have 
been due to unnatural laboratory conditions. 

Pieces of mesquite, cholla, and other desert wood on or partly 
buried in the ground, especially in or near the desert washes, are 
favorite food sources for this species. In such a location Pickens found 
the supplementary reproductives described above. I found it very 
abundant in the bases of dead stalks of ocotillo (Fouquiena) near the 
foot of the Coyote Mountains on the El Centro-San Diego highway. 

Soldiers are few, at least in the surface workings of this species, and 
in many cases the most careful search failed to reveal one among the 
hundreds of workers found in cow chips. As is true of other Ami- 
termes species, the workers tend to run in parallel columns when dis- 
turbed, a habit common to many species of the family Termitidae. 

It was often found in cow chips in the upper Coachella Valley 
very close to colonies of Reticwlitermes tibialis Banks, so that upon 
opening up the chip, they seemed to be associated. In several instances 
a native ant, Cremastogaster coarctata Mayr., was found in cow chips 
in types of working indistinguishable from those of this Amitermes. 
Similar workings found occupied by these ants in desert plants and 
others vacant of either ants or termites led to the belief that many 
termite colonies or branch colonies are destroyed by these ants. 
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Andtermes coachellae new species 
Coachella desert termite 

Plate il2, figure 3; plate 14^ figures 1, S, 5, and 9; plate 15 

Extensive collections very recently made by Mr. G. B. Castle and 
Mr. 0. L. Williams of the staff of the Termite Investigations Committee, 
in the upper end of Coachella Valley, Riverside County, the northern- 
most extension of the Colorado Desert in California, include several 
vials of termites evidently related to A. wheeleri, but differing from it 
markedly in size and other characters as brought out below. These 
differences are such as to mark this as a different species in the light 
of our present knowledge of the range of variation in A. wheeleri and 
it becomes necessary to give it a separate specific designation. The 
study of the alates and of more extensive collections of soldiers may 
show intergradation with A, wheeleri. If so, that species has a most 
remarkable range of variation. 

Time and space permit but brief diagnoses, and measurements of 
the soldier and worker of the new species. 

DIAGNOSES 

Alatb unknown. 

Soldier. Of the wheeleri group. Large, head 1 mm. or more in 
breadth ; head quadrangular, head contraction index about 0.95 ; head 
much lower in proportion than in A. wheeleri; frons not declivitous, 
less extensive and less hirsute than in A. wheeleri; mandibles (pi. 14, 
fig. 9) bent in from level of teeth, abruptly and strongly inbent dis- 
t^ly; notch deep but short and angular; left basal projection with 
straight face; teeth not projecting, sharp, directed basally; gula 
hardly contracted. 

Worker. Large; abdomen long and slender in life (much con- 
tracted in preservation) ; contents of abdomen dark, dirty gray to 
black; head round, yellow; antennae long, yellow; mandibles large, 
first two teeth long and sharp, the first much longer than the second. 

Biology and distribution. — Of the six collections of this new species 
five were taken in a narrow zone two miles long, situated along the 
Southern Pacific Railway Company’s right of way, ending some two 
miles northwest of Palm Springs Station and having an elevation of 
1200-1300 feet. The other collection was taken in Mission Canyon 
about eleven miles northeast at an altitude of about 1800 feet. 

The colonies were all found in sand. In several cases they were 
found attacking casual wood, usually buried pieces, penetrating it as 
does A. wheeleri. They build carton-lined runways through the sand 
and around rocks, etc. 
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Measubements ur Millimetebs^ and Indices, of Soldiers of Amitermes 
ooachellae New Species 



A 

B 

C 

Head length 

1.36 

1.35 

1.32 

Head width 

1.02 

1.04 


Minimum hehd width 

.96 

0.96 


Mandible length 

.86 

0.90 

0.86 

Gular length...* 

.68 

0.66 


Maximum gular breadth 

0.35 

0.33 


Minimum gular breadth 

0.33 

0.34 

0.34 

Pronotum width 

0.66 

0.66 


Head index 

0.75 

0.77 


Head-contraction index 

0.94 

0.92 


Head mandible index 

0.63 

0.67 

0.65 

Gular contraction index 

0.94 

1.03 

1.00 


Measurements in Millimeters of Workers of Amitermes ooachellae 

New Species 



A 

B 

C 

Head length 

0 83 


0.84 

Head width 



1.00 

Pronotum width 

0.60 

0.68 

0.68 



Tropical species of Amitermes are known to produce nests of 
various types. No nests have been reported, however, for any of the 
Nearctic species. This gives considerable interest, therefore, to the 
discovery by Mr. Castle of a large, well-formed nest of this species, a 
portion of which is seen in plate 15. The nest is largely composed of a 
compact, dark brownish-black material which has the appearance of 
earth but is largely, if not entirely, carton. The nest was 24 inches 
high and about 24 inches in circumference at the ground line. It was 
somewhat pear-shaped, with a narrow exposed portion some six inches 
high, the remainder buried in the packed sand into which in all direc- 
tions ran numbers of runways lined with the characteristic dark carton 
material. The base of the nest which was built around the roots of a 
dead plant was deserted, the great majority of the termites being found 
in the upper half of the nest. 
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EXPLANATION OF PLATES 



PLATE 10 

Earthen tubes built by Amitermes arizonemis Banks about desert vegetation 
and left empty after the plant was entirely eaten away. Natural size. 
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PLATE 11 


Photomicrographs of the heads of soldiers of Oaiifomia species of Amiiermea. 

Pig. 1. Amitermes calif omicua Banks. X 25. 

Pig. 2. Amiiermea emeraoni new species. X 23.5. 

Pig. 8 . Amiiermea wheeleri Desneux. X 25. 

Pig. 4. Amiiermea anyderi new species. X 25. 

Pig. 5. Amiiermea arieonenaia Banks. X 25. 







PLATE 12 


Photomicrographs of mandibles of workers and soldiers of California species of 
Amitermea, X 32. 

rig, 1. Much worn mandibles of worker of Amitermea calif omUms Banks. 

Pig; 2. Much worn mandibles of worker of Amitermea emeraoni new species. 

Pig. 3. Mandibles of worker of Amitermea ooaeheUae new species. 

Pig. 4. Mandibles of worker of Amitermea anyderi new species. 

Pig. 5. Mandibles of worker of Amitermea ariaonenaia Banks. 

Pig, 6. Mandibles of soldier of Amitermea califomicua Banks. 

Pig. 7. Mandibles of soldiej of Amitermea emeraoni new species. 

Pig. 8. Mandibles of soldier of Amitermea wJ^eeleri Desneux. 

Pig. 9. Mandibles of soldier of Amitermea anyderi new species. 

Pig. 10. Mandibles of soldier of Amitermea arizonenaia Banks. 




PLATE 13 

Photomicrographs of heads of workers and gulae of soldiers of California 
species of Amitermes. 

Pig. 1. Head of worker of Amitermes calif omious Banks. X 22.7* 

Pig. 2. Head of worker of Amitermes emersoni new species. X 24.5. 

Fig. 3. Head of worker of Amitermes wheeleri Desneux. X 22.7. 

Fig. 4. Head of worker of Amitermes snyderi new species. X 22.7. 

Fig. 5. Gula of soldier of Amitermes californums Banks. X 32. 

Fig. 6. Head of worker of Amitermes arisonensis Banks. X 22.7. 

Fig. 7. Gula of soldier of Amitermes arisfonensis Banks. X 32. 

Fig. 8. Gula of soldier of Amitermes emersoni new species. X 32.2. 

Pig. 9. Gula of soldier of Amitermes wheeleri Desneux. X 32. 

Fig. 10. Gula of soldier of Amitermes snyderi now species. X 32. 
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PLATE 14 

Photomicrographs of head and mandibles of workers and soldiers of Amitermea 
sUvestriams new species and Amitermes coacheUae new species. Ca, X 28. 

Fig. 1. Amitermes coadhellae new species, head of soldier. 

Fig. 2. Amitermes sUvestrianus new species, head of soldier with mandibles 
removed. 

Fig. 3. Amitermes ooachellae new species, mandibles of worker. 

Fig. 4. Amitermes silvestrianus new species, head of worker. 

Fig. 5. Amitermes coacheUae new species, head of worker. 

Fig. 6. Amitermes silvestriams new species, mandibles of worker. 

Fig. 7. Amitermes emersoni new species, mandibles of worker. 

Fig. 8. Amitermes silvestriams new species, mandibles of soldier. 

Fig. 9. Amitermes coacheUae new species, mandibles of soldier. 
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PLATE 15 

Photograph of broken inner surface of upper exposed portion of nest of 
Amitermes coadhellae new species. Ca, X 1. 
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THE MEXICAN SPECIES OF 
AMITEBMES SILVESTRI (ISOPTERA) 


BY 

S. F, LIGHT 


In a recent paper (1930) I have given descriptions of soldiers and 
workers, and a key to the soldier caste of the eight species of 
Amitermes Silvestri found in the United States, of which the soldier 
caste is known. The present paper is based on the material collected 
during a recent trip into western Mexico for the Termite Investi- 
gations Committee. It includes descriptions of four new species of 
Amitermes, as well as a key to the soldiers of all the New World 
species of the genus from British Guiana northward save two, A. con- 
fusus Banks and A, perplexus Banks, which are based on alates only. 
A later paper will report the complete collection made in Mexico. 

In the previous paper (1930) it was pointed out that the Nearctic 
species of Amitermes fall into seemingly fairly distinct groups on the 
basis of soldier characters. The fourteen American species from the 
area under consideration may be referred to the five groups there 
suggested. With the additional species here described it becomes 
possible to characterize these groups more or less completely as 
follows : 

1. The Tubipobmans group. Large species, head width 1.25 milli- 
meters or more, head not greatly longer than wide, head index some- 
where near 0.9. Mandibles (pi. 17, figs. 1 and 2) relatively long, 
head-mandible index 1.0 or more save in A. nigriceps new species; 
mandibles relatively straight, without extenave distal incurvature and 
hence with cutting surfaces usually closely approximated when directed 
anteriorly. Teeth below middle of mandible, relatively small, directed 
mediad, located in notches in the cutting surface. Pigmentation 
greater than in other groups, in that antennae of workers and soldiers 
are darkened, often smb^, and head of workers yellow to sm(^- 
brown. Gulur contraction very slight or lacking, gular contraction 
index about 1.0. 
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To this well defined group belong four species : 

A. tubiformans Buckley, New Mexico, Texas and northern Mexico 
(Banks and Snyder 1920). 

A. arizonensis Banks, southeastern California, Arizona (Banks and 
Snyder 1920), and Empalme and Mazatlan, coastal western Mexico. 

A. grandis new species, Tepic and Guadalajara, tableland of western 
Mexico. 

A. nigriceps new species, Jala, near Colima, coastal slopes of 
western Mexico. 

2. The Wheeleri group. Head usually long and narrow, little if at 
all contracted; head index less than 0.8 and head contraction index 
about 0.9. Teeth near base of mandibles, small, succeeded proximally 
by a deep notch (pi. 17, fig. 7). 

Here I have placed three species : 

Amitermes wheeleri Desneux, southeastern California (Light 
1930), Arizona, arid Texas (Banks and Snyder 1920, Light 1930). 

Aniiiermes coacheUae Light (1930), southeastern California. 

Amitermes crypiodon new species, Jala, near Colima, coastal slope 
of western Mexico. 

The mandibles of A, crypiodon differ rather widely from those of 
A, wheeleri and it may represent another separate group. 

3. The Snydbri group. Large species, head well over 1.25 milli- 
meters wide, head ovate, sides convex, and widest near middle ; head 
index about 0.9 ; head contraction index about 0.85. Mandibles large, 
rough, strongly bent and incurved from below the middle; teeth in 
outer one-third, basally directed, barb-like. 

Here is placed a single species, A. snyderi Light (1930) from south- 
eastern California, which a more complete series of species may show 
to belong with the next group. 

4. The Bmebsoni group. Intermediate in size. Head oval to sub- 
rectangular. Mandibles slender (pi. 17, fig. 6), regularly curved; teeth 
barb-like, in distal one-half of mandible. 

Here I place four species ; 

A. emersoni Light (1930), southeastern California. 

A, sUvestriamus Light (1930), southeastern California. 

A. beaumonii Banks, Panama (Banks 1918). 

A. ensifer new species, Colima, coastal slope of western Mexico. 

5. The Caufobnicus group. Medium sized to large species. Head 
broadest behind middle. Mandibles strongly curv^ in distal one- 
third. Teeth below middle, directed mediad, conical (pi. 17, figs. 3-6), 
strongly projecting, not set in notches. 
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Here I have placed three species : 

A, calif omicus Banks, southeastern California, Arizona (Banks 
and Snyder 1920, Light 1930), and Mazatlan, on the coast, and 
Colima, on the coastal slope of western Mexico. 

A, excellens Silvestri, Kartabo, British Guiana (Silvestri 1923, 
Emerson 1925). 

A, medius Banks, Panama (Banks 1918). 

More careful comparative study may show this also to be a 
composite group. 


PRACTICAL KEY TO SOLDIERS OP THE NORTHERN NEW WORLD 
SPECIES OF AMITEEMES SILVESTRI 


1. Antennae conspicuously darkened distally; mandibles (pi. 17, figs. 1 and 2) 

long, often as long as head or longer, straight or nearly straight save 
for tips; teeth in proximal half of mandibles relatively small, directed 

inward 2 

Antennae not conspicuously darkened distally, never smoky; mandibles 
shorter, usually much shorter than head, curved throughout; teeth either 
large or directed backward or distally located 6 

2. Antennae of soldiers (and workers) blackened distally 3 

Antennae of soldiers (and workers) brown to at most light smoky distally 4 

3. Mandibles as long as head, much longer than width of head 

1. A. arizonensis Banks 

Mandibles considerably shorter than head, not much longer than width of 
head (pi. 16, fig. 5) 2. A. nlgriceps new species 

4. Mandible bases brown 3. A gn^andis new species 

Mandible bases yellow 5 

5. Mandibles not so long as head; bent from near middle; tooth near middle 

4. A. tubiformans Buckley 

Mandibles about as long as head or longer, very straight, curved only near 
tip (pi. 17, fig. 2); tooth much below middle A. arizonensis Banks 


6. Teeth in distal one-half of mandible, directed posteriorly 7 

Teeth not in distal one-half 11 


7. Mandibles massive, rugged 5. A. snyderl Light 

Mandibles slender, smooth (pi, 17, fig. 6) 8 

8. Mandibles strongly curved; mandible curvature index II more than 0.16 

6. A. beaumonti Banks 

Mandibles less strongly curved; mandible curvature index II less than 

0.12 9 

9. Tooth near middle of mandible 7. A. sUvestrianus Light 

Tooth in distal one-third of mandible 10 

10. Mandibles very slightly curved; teeth very sharp; sides of head nearly 

parallel posteriorly (pi. 16, fig. 2) 8. A. ensifer new species 

Mandibles more strongly curved, teeth blunter; sides of head converging 
9. A. emorsoni Light 
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11. Teeth email, projecting but little, set off by a deep proximal notch (pi. 17, 

Teeth larger, directed mediad, projecting, no deep proximal groove 14 

12. Outer margins of mandibles evenly convex (pi. 17, fig. 7) 

10. A. orsrptodon new species 

Outer margins of mandibles distinctly convex, tips strongly so 13 

13. Smaller, head less than one millimeter in diameter; head high, in proportion 

to length 11. A. wheelerl Desneux 

Larger, head more than one millimeter in diameter; head lower in proper* 
tion to length 12. A. coachellae Light 

14. Tooth near middle of mandible (pi. 17, lig. 5) 13. A. medius Banks 

Tooth near base of mandible (pi. 17, figs. 3, 4) 15 

15. Tooth small, head width greater than 1.5 mm 14. A. excellens Silvestri 

Tooth large (pi. 17, figs. 3, 4); head width less than 1.2 mm 

15. A. callfomlctts Banks 

In the systematic discussion and descriptions following, dimensions 
and indices are used as defined in the preceding paper (1930). 


Amitermes arizonensis Banks 

Plate 17, figure 2; plate 18, figure 5 

A collection taken at Presidio, near Mazatlan, in a cow chip, con- 
sists of two soldiers and several workers. These agree closely with 
A, arizonensis in all characters save color, as the measurements and 
indices given below will show. The antennae of both workers and 
soldiers are distally smoky black (pi. 18, fig. 5), much darker than 
any yet reported. Likewise the worker head is a smoky yellow-brown. 
More complete collections may show this melanism to be associated 
with conditions of unusual moisture as has been shown to be the case 
with other animals. This collection adds very greatly to the known 
range of A, arizonensis, 

Mxasubxmsnts m Millikxtebs, and Indiobs, or the Two Soldiers of 
A, ariaonensis Taken near Mazatxjln 



A 

B 

Head length 

1.28 

1.28 

Maximum head width 

1.15 

1.15 

Minimum head width 

1.07 

1.07 

Mandible length - 

1.10 

1.24 

Gular length 

0.67 

0.68 

Maximum gular breadth 

0.34 

0.33 

Minimum gular breadth 

0.34 

0.32 

Pronotum width 

0.84 

0.85 

H^d index 

0.90 

0.90 

Head contraction index ... 

0.93 

0.93 

Head-mandible index ....ZJI. 

0.93 

0.97 

Gular contraction index 

1.00 

0,97 
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Amitermes nigriceps n. sp. 

Plate 16, figure 5; plate 18, figure 2 


Diagnoses 


Alate unknown. 

Soldier . — Of the tubiformans group; bodies of distal antennal 
segments dark, smoky, black-brown; head index about 0.90; head con- 
traction index 0.90 or less; mandibles short, head-mandible index 
about 0.78 ; mandibles bent slightly at level of teeth, making a slightly 
convex lateral margin; teeth slender, very sharp, located slightly 
beyond proximal third, in concavities in cutting face of mandibles, 
left somewhat more distal. 

Worker . — ^Body long, slender; antennae distally smoky black- 
brown; head capsule a smoky brown, interrupted by pale whitish 
stripes; head broad, rounded in general contour, broadest in front, 
sides receding and rounding broadly into strongly convex posterior 
border. 


Descriptions 

Soldier. — ^Mandibles proximal to teeth light yellow, distal to teeth 
light red ; basal three segments of antennae white, bodies of next three 
increasingly dark, remainder dark smoky brown-black; other parts 
white or very light yellow. 

Head (pi. 16, fig. 5) broad oval in dorsal view, not greatly longer 
than broad, head index about 0.90; sides slightly convex, converging 
somewhat anteriorly, head contraction index about 0.90, widest posterior 
to the middle ; postero-lateral comers broadly round, posterior margin 
very weakly convex; mandibles (pi. 16, fij^. 5) comparatively short, 
much shorter than head, head-mandible index about 0.78; lateral 
margin of mandibles only slightly and somewhat angularly convex, 
due to a slight hump marking a slight inbending of the mandibles at 
the level of the tooth; tip of mandible curved about as in A. arizon- 
ensis; base of mandible somewhat more massive than in A. orizonensis ; 
teeth at about same distance from base as in A. arizonensis or slighly 
more distal but mandible distal to tooth much shorter, throwing the 
teeth but slightly below the middle of the mandible ; teeth prominent, 
slender, very sharp, directed mediad, set in concavities of the inner 
edge of the mandible deeper than those of A. arizonensis’, left tooth 
slightly more distal than right; antennae of 15 sclents, without dis- 
tinctive features; gala slightly more narrowed than in A. arizonensis, 
gular contraction index about 0.94. 
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HEASxnumocNTO iir Milum^^tbrs, and Inncbs, or SoLOOEa or 

Amitermea nigricepa n.8p. 


Head length 

Maximum head width 

Minimum head width 

Mandible length 

Gular length 

Maximum gular breadth 

Minimum gular breadth 

Pronutum width 

Head index 

Head contraction index 

Head>mandible index 

Gular contraction index 

Minimum mandible curvature, 0.09 
Mandible curvature index II, 0.082 


Millimeterfl 
.. 1.44 

.. 1.27 
.. 1.14 
.. 1.10 
.. 0.71 
.. 0.35 
.. 0.33 
.. 0.90 
.. 0.88 
.. 0.90 
.. 0.76 
.. 0.94 


Worker , — ^Body long, slender; antennae colored as in soldier; head 
(pi. 18, fig. 2) smoky brown striped with light areas; head capsule 
broad, broadest near anterior end, converging posteriorly, sides reced- 
ing and rounding into strongly convex posterior margin. 


Measurements in Millimeters of Five Workers of A. nigricepa n. Bp. 


Minimum 


Head length 1.02 

Head width 1.12 

Pronotum width 0.69 


Maximum 

1.05 

1.17 

0.73 


Average 
1.04 . 
1.14 
0.72 


Biology and distribution , — This species was taken only at Jala, 
(800 ft.), 21 kilometers west of Colima, where three colonies were 
found, all attacking wood on the ground, in one case a tie in the main 
line of the National Railway lines. They had built dark covered ways 
over and through the wood. 


Amitermes grandis n. sp. 

Plate 16, dgures 1 and 4; plate 17, figure 1; plate 18, figure 4 


Diagnoses 


Alate unknown. 

Soldier , — Of the tubiformans group. Large, head more than 1.5 
millimeters wide; mandibles shorter than head, bent inward from 
basal one-third and with strongly incurved ends ; bases of mandibles 
heavy, rough, and brown, darker than for other species of the group. 

Worker. — Large, sides of head parallel anteriorly, antennae long, 
bodies of distal. segments smoky black; clypeus fully as long as wide. 
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Descriptions 

Alate unknown. 

Soldier, — ^Large, body short and stout, generally light, but 
wtennae with first three segments white, next two yellow, remainder 
increasingly smoky; mandibles with light brown bases, red distally. 
Head (pi. 16, figs. 1, 4) broad ovate, broadest behind middle, sides 
convex and distinctly converging from behind the middle, particularly 
in anterior one-half ; posterior margin of head strongly convex ; head 
index about 0.90, head contraction index about 0.80; head not par- 
ticularly high, highest slightly behind middle descending in both 
directions, flatly in front and convexly behind. Mandibles (pi. 17, 
fig. 1) shorter than the head, bent in from basal one-third, and with 
strongly incurved ends throwing mandibles much farther apart when 
directed forward than for other members of the tubiformam group. 
Antennae of 15 segments, relatively slender; gula very slightly con- 
tracted if at all. 


Measurements in Millimeters, ani> Indices, of Soldiers of 
Amitermes grandis n. sp. 


Number 



Minimum 

Maximum 

Average 

measured 

Head length 

1.44 

1.55 

1.49 

5 

Maximum head width 

1.27 

1.36 

1.33 

5 

Minimum head width 

1.01 

1.07 

1.04 

5 

Mandible length 

1.26 

1.36 

1.32 

5 

Gular length 


0.79 


1 

Maximum gular breadth 



0.33 


1 

Minimum gular breadth 



0.33 


1 

Pronotum width 

0.81 

0.88 

0.84 

4 

Head index 

0.88 

0.90 

0.89 

5 

Head contraction index 

0.77 

0.80 

0.78 

5 

Head mandible index 

0.87 

0.93 

0.89 

5 

Gular contrfli».tiOTi index. 


1.00 


1 

Minimum mandible curvature, 

0.12 


1 

Mandible length used in deriving mandible curvature index 



II, 1.36 

Mandible curvature index II, 0.088 


Worker. — ^Large; head (pi. 18, fig. 4) yellow, overlaid with pale 
smoky brown; head broad, sides par^lel rounding into flat posterior 
margin; antennae long, well formed, basal three segments white, 
bodies of fourth to seventh increasingly dark, bodies of remainder 
smoky black ; clypeus long, fully as long as maximum width, anterior 
margin convex. 


Measurements in Millimeters or Five Workers of Amitermes grandis n. sp. 



Minimum 

Maximum 

Average 

Head length 

0.94 

1.00 

0.97 

Head width 

1.10 

1.16 

1.12 

Pronotum width .... 

0.69 

0.76 

0.73 


Biology and distribution , — This species was taken but twice, both 
times in and under cow chips in dry, open, sandy spots; once at a 
point about 10 kilometers north of Tepic and again at La Venta, some 
20 kilometers west of Guadalajara. 
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Amitermes crjrptodon n. sp. 

Plate 16, figure 3; plate 17, figure 7; plate 18, figure 3 


Diagnoses 

Alate unknown. 

Soldier . — Of the wheeleri ^oup. Teeth very low on mandible, 
shelf-life, projecting’ but little, proximal notch angular; mandibles 
bent in from tooth level, only slightly convex, tips but little incurved ; 
base of mandible relatively small; mandibles tapering from tooth 
to tip, very slender in distal one-third; gular contraction index 
about 0.75. 

Worker , — ^Very small; pale; head width about 0.8 millimeters; 
antennae short, nymph-like; clypeus only about one-half as long as 
broad. 


Descriptions 

Alate unknown. 

Soldier, — Small ; body generally white ; head light yellow ; antennae 
yellow, distally dark, slightly smoky, yellow ; mandibles red with very 
short yellow basal portion. Head (pi. 16, fig. 3) long, broadly ovate, 
sides very faintly convex, converging slightly but gradually from 
widest point, behind the middle; posterior margin weakly convex; 
postero-later^ comers rounded; he^ index about 0.78; head contrac- 
tion index about 0.88; head high, highest at anterior third, sloping 
gently back to rounded posterior end, frons flat, steeply declivitous. 
Mandibles (pi. 17, fig. 7) slightly shorter than head, evenly but weakly 
convex throughout, tips only slightly more curved than b^y of 
mandibles; mandibles tapering from maximum breadth at teeth to 
very slender distal region; head-mandible index about 0.96; teeth 
shelf -like, not projecting, set off by deep proximal notch in mandible; 
antennae of 14 segments; gula strongly and evenly contracted, nar- 
rowest near middle, gular contraction index about 0.75. 


Meascbemsnts IK Milumetebs, akd Indices, or Soldiers of 


AirUtermes <yryptodon, n. 

sp 




Minimum 

Maximum 

Average 

Number 

measured 

Head length 

1.15 

1.20 

1.17 

6 

Maximum head width 

0.85 

0.93 

0.89 

6 

Minimum head width II 

0.76 

0.81 

0.79 

6 

Mandible length 

1.07 

1.10 

1.08 

6 

Gular length 


0.77 



1 

Maximum gular breadth 



0.30 


1 

MininiiiiTi gular breadth .. 


0.$2 

0.54 


1 

Pronotum width 

0.49 

0.51 

5 

Head index 

0.73 

0.79 

0.76 

6 

Head contraction index . 

0.87 

0.91 

0.89 

6 

Head mandible index 

0.90 

0.94 

0.92 

6 

Gular contraction index . 


0.7.q 


1 

Mandible length used in 

deriving mandible eurvature. 

index 

II, 1.05 




1 


Minimum mandible eurvature, 0.09 ... 
Mandible curvature index II, 0.086 . 
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Worker. — Very small; pale and nymph-like; head (pi. 18, fig.‘3) 
light yellow; antennae short, nymph-like; clypeus short, twice as wide 
as long, sides convex, rounding into anterior margin. 

MeasiteeiiIENTs IN' MiiiLiMErrsRS OF Five Wobxers of Amitermes cryptodon n. sp. 



Minimum 

Maximum 

Average 

Head length 

0.69 

0.77 

0.72 

Head width 

0.80 

0.85 

0.82 

Pronotum width 

0.51 

0.57 

0.55 


Biology and distribution. — This species was taken twice at Jala, 
some 21 kilometers west of Colima, and twice at Madrid, about 28 
kilometers west of Colima. These localities are considerably lower and 
dryer than Colima and support a highly diversified termite fauna. 
A. cryptodon was found in all cases attacking wood, usually decayed, 
in and on the ground. They were seen to make eaji;hen galleries in 
and on the wood attacked. They were commonly found in close 
proximity to other genera and species in similar situations. 


Amitermes ensifer n. sp. 

Plate 16, figure 2; plate 18, figure 1 


Duqnoses 

Alate unknown. 

Soldier. — Of the emersoni group. Head long and narrow, rec- 
tangular in dorsal view, save for contraction near anterior end ; head 
index about .80; mandibles only weakly convex; tips not strongly 
incurved ; gular contraction index about 0.70. 

Worker. — ^Medium sized, head less than 1.15 millimeters wide; 
head pale yellow; antennae very short, nymph-like; clypeus about as 
long as wide. 


DESCRIPTrONS 


Alate unknown. 

Soldier. — Generally white to light yellow, save mandibles which 
are a light reddish-brown. Head (pi. 16, 2) rectangular in dorsal 

view, contracted only from level of antennal fossae, much longer than 
broad; head index about 0.80; head contraction index about 0.82; 
sides of head nearly straight ; posterior margin weakly convex, postero- 
lateral comers shortly rounded. Mandibles (pi. 16, fig. 2) consider- 
ably shorter than he^, weakly but evenly convex, tips only slightly 
incurved, head-mandible index about 0.80; teeth in outer one-third 
of mandible, slender, proximally directed, like the barb of a hook. 
Antennae very slender, of 15 segments, light yellow throughout; gula 
gradually but deeply contracted in the middle, gula contraction index 
less than 0.70. 
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MeASUBSUINTB IK HnjUUKlXRS, AKD IKDICBS, or Two SOLIHXBS or 


Amitermea enaifer n. sp. 

A B 

Head length 1.44 1.52 

Minimum head width 1.01 1.05 

Maximum head width 1.14 1.14 

Distance between antero-lateral comers of head capsule .88 

Mandible length 1.34 1.28 

Gular length 0.76 

Maximum gular breadth 0.40 

Minimum gular breadth 0.26 

Pronotum width 0.75 0.74 

Head index 0.79 0.75 

Head contraction index 0.89 0.92 

Head contraction index using distance between corners 

of capsule as minimum width 0.77 

Head’mandible index 0.93 0.84 

Gular contraction index 0.65 

Mandible len^h used in deriving mandible curvature 
Index II, 1.28 

Minimum mandible curvature, 0.11 
Mandible curvature index II, 0.86 


Worker . — Medium sized, generally light, abdomen gray-blaok due 
to contents. Head (pi. 18, fig. 1) very pale yellow; antennao very 
short, nymph-like, faintly yellowed dist^ly. Clypeus long, as long as 
labrum, nearly as long as wide at base, sides converging but straight. 


Mbasukements in Millimeters or Five Workers or Amitermea enaifer n. sp. 


Head length 

Head width 

Pronotum width 


Minimum Maximum Average 
.. 0.93 0.95 0.94 

.. 1.05 1.11 1.08 

. 0.59 0.67 0.63 


Biology and distribution . — ^This species was taken but once, at 
Jala, some 21 kilometers west of Colima, where it was attacking a 
partly decayed tie in the main track of the National Railways. 


Amitermea califomicus Banks 

Plate 17, figures 3 and 4 

This species was taken at Presidio, near Mazatlan, and several 
times in Colima and at Jala and Madrid, lower, dryer localities, respec- 
tively 21 and 28 kilometers west of Colima. The soldiers of all these 
colonies showed smaller heads and in general lighter and less massive 
mandibles than are characteristic for the species in California. The 
mandibles of the soldiers taken at Mazatlan were in certain cases 
longer, much more slender, and with the tooth directed anteriorly. 
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So striking was this difference (see pL 17, figs. 3 and 4) that at first I 
believed it to be a new species. Soldiers in the same colony showed 
conditions approaching those previously described for the species and 
a similar tendency toward variation in this direction was noted among 
the soldiers collected at Colima and vicinity. 

These collections very greatly increase the known range of A. cali- 
fornicusy giving it the rather surprising north and south extension 
of about 1,400 miles. The fact that the species was common at Colima 
and vicinity, the southernmost region of collection, suggests that its 
range will be found to extend considerably farther to the south. 

The biology of the species in the southern range also presents 
points of considerable interest. First, it was found to be of some 
economic importance. In Colima it was found in several instances 
building hard, earthen runways and broad galleries over the exposed 
walls of stores and storehouses and evidently attacking the wood to 
some extent. In these situations it was often associated with a new 
species of yellow-headed nasute, {Snbnlitermes) Ques- 

tioned as to the amount of damage done, certain merchants pointed 
out that it made a nuisance of itself by building its structures over 
goods resting against the walls, particularly dry goods. The dirt thus 
cemented to the goods could not be entirely removed, save by wash- 
ing, as the proprietors demonstrated to me. 

At Jala, not far to the west of Colima, this species was found 
attacking several ties in the main line of the National Railways. This 
is interesting since authentic cases of termite attack on ties in the 
western hemisphere are rare. The ties attacked were old and in bad 
condition. How much of this deterioration was due to the termite is 
problematical. They lined their workings in many cases with hard 
black earthen structures similar to those used for covered ways. Many 
recently removed ties showed termite damage, seemingly, from the 
nature of the workings, due to this species. It should be pointed out 
that this line is used but twice a day. 

Another surprising thing was to find this species building some- 
thing in the nature of a nest of hard, compact earth around a stub 
and the base of a near-by post. The nest was about ten inches high. 
Inhabiting the center of this stub was a strong colony of Coptotermes 
crassus Snyder. It seems probable that the thick mud structure was 
a defense against attacks from Coptotermes, 
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EXPLANATION OF PLATES 



PLATE 16 


All photomicrogrjiphs of mounted heads of soldiers of Mexican species of 
Amitermea Silvestri in dorsal view. All X 29. 

Pig. 1. Amitermes grandis, n. sp. 

Pig. 2. Amitermea enaifer n. sp. 

Pig. 3. Amitermea oryptodon, n. sp. 

Pig. 4. Amitermea grcmdia n. sp., smaller soldier 
Pig. 6. Amitermea nigrieepa n. sp. 
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PLATE 17 


Photomicrograplis of mandibles of various American species of 
Amvtermes Silvestru All ca. X 31. 

jETig. 1. Jmitermes grmdts, n sp. 

Fig. 2. Amitermes arwonensts Banks. 

Fig 3. Amtermes oaltformous Banks, short, heavy type common in Call 
forma. 

Fig 4. Amitermes calif omteus Banks, longer, slender type common in colonies 
from west coast of Mexico. 

Fig. 5. Amitermes modtus Banks. 

Fig. 6 . Amitermes heaimonti Banks. 

Fjg. 7. Amitermes cryptodon n. sp. 




PLATE 18 


Photomicrographs of mounted heads of workers of Mexican species of 
Amitermes Silvestri. All X 29. 

Fig. 1. Amitermes ensifer n. sp. 

Fig. 2. Amitermes nigrioeps n. sp. 

Fig. 3. Amitermes cryptodon n. sp. 

Fig. 4. Amitermes grandis n. sp. 

Fig. 5. Amitermes arigonensis Banks. 
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Diversinervus Silvestri 

Diversinervus Silvestri, Boll. Lab. Zool. Portici, 9:301. 1914. 

CheUoneuroides Girault, Mem. Queensland Mus., 4:96. 1915. 

CheUoneurus (in part) Motachulsky, Boll. Soc. Imp. Natur., Moscow, 36:52, 
pi. 2, fig. 9. 1863. 

The genus Diversinervus was erected by Dr. Silvestri, in 1914, for 
the single species elegans, reared from Saissetia oleae (Bernard), col- 
lected at Nefasit, Eritrea. Girault, in 1915, overlooked Silvestri ’s 
Diversinervus and described the new genus Cheiloneuroides for a 
species collected in Queensland, Australia. Subsequently, Girault 
recognized Diversinervus and made his genus a synonym. In this 
paper the species described by Girault, D, 'bicrisiatus, is recognized as 
a synonym of the genotype, D. elegam. In 1916, Dr. James Waterston 
described the species D. sHvestrii from specimens reared from Coccus 
viridis (Green), infesting coffee on the Island of Mauritius. Mr. P. H. 
Timberlake has shown me a manuscript note made by J. C. Crawford, 
who examined the types of CheUoneurus paradisicus Motschulsky. 

1 Paper No. 236 University of California, Graduate School of Tropical Agri- 
culture knd Citrus Experiment Station, Riverside, California. 
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Crawford ’s note refers to generic characters which rather clearly indi- 
cate that the species is a Diversinerv'iis. His notes do not enable recog- 
nition of the species nor do I have access to the original description, 
consequently the species is not included in this paper. Motschulsky^s 
specimens were reared from Saissetia hemisphaerica (Targ.), infesting 
coffee, on the Island of Ceylon. 

In this paper three new species are described, a key for the separa- 
tion of the species is given, and a brief biological note on the biology of 
D, elegans is included. Heretofore Diversinervns was thought to be a 
genus of hyperparasites due to the close relationship of this genus to 
Cheilonenrus, the latter so far as known a genus of hyperparasites. 

KEY TO THE SPECIES OP Diversinerms, PEMALES 2 


1. 'Basitarsus of hind legs whitish or yellowish 2 

Basitarsus of hind legs partly, if not completely, blackish 4 

2. Mesoscutar and scutellar tufts well developed. Scape more than twice as 

long as wide 3 


Mesoscutar and scutellar tufts composed of short, sparse setae about twice 
as long as the adjacent, scattered setae, as shown in figure Ih. Scape 
widely expanded, exclusive of the radical joint, plainly less than twice 

as long as wide. Club as long as the funicle joints united 

Natal 1, scutatus n. sp. 

3. Setae of the mesoscutar and scutellar tufts arranged in compact groups 

about as shown in figure 2a, Basal, ventral part of the scape blackish. 
Dorsum of pedicel blackish. First four funicle joints and apical two 
club joints fuscous or dark brown. Fifth and sixth funicle joints and 
basal club joint yellow. Club about as long as the preceding four funicle 
joints united Natal 2, mendioinalis n. sp. 

Setae of the mesoscutar and scutellar tufts longitudinally arranged (as shown 
by Waterston's figure). Antennae yellowish or colorless except for a 
faint browning on the apical club joint, dorsal margin of pedicel and 
ventral margin of scape. Club as long as the preceding five and one- 
half joints united. Marginal fringe of the fore wings longer than in the 
foregoing speciess Mauritius 3, silvestrii Waterston 

4. A dark metallic species, only the center of the mesoscutum, axillae, and the 

sides of the scutellum ferruginous Eritrea 4, de aantisi n, sp. 

A yellow species which, aside from the mesoscutar and promotal bands, has 
only the basal half of the abdomen, sides of propodeum, and mesopleura 

posteriorly more or less dark metallic 

Eritrea, Natal, Quefensland 5, elegans Silvestri. 

^ Dwersinervus paradisieus (Motschulsky) is not included and it is possible 
that one of the species accepted as valid in this paper may be a synonym. 

«In the original description, Bull. Ent. Ees. 7(2) :127-140, figs. 1-2, 1916, 
the ocellar triangle is described as obtuse. If this is not an error, then the 
species can be easily recognized as all the other species have the ocelli arranged 
in an acute triangle. 
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KEY TO THE SPECIES OP Di/versinervus, MALES 

1. Femora and tibiae of hind legs distinctly marked with fuscous 2 

Femora and tibiae of hind legs entirely whitish or the latter slightly fuscous 

towards the base of the dorsal margin elegans Silvestri 

2. Femora and tibiae of hind legs more or less extensively whitish or yellowish .... 3 
Femora and tibiae of hind legs predominantly black or dark brown, only the 

basal end of the former and both ends of the latter narrowly marked 


with whitish de santisi, n. sp. 

3. Distal end of the hind femora whitish 4 


Distal two-thirds or so of the hind femora fuscous, metallic, the basal part 
whitish. The distal one-half or more and the basal end of the hind tibiae 
whitish, the intermediate part fuscous. Middle tibiae faintly marked 
with brownish near the pale basal annulus which is faintly indicated. 

Middle coxae more or less fuscous. Remainder of the legs whitish 

soutatus n, sp. 

4. Hind femora whitish on the ends, the intermediate parts fuscous. Hind 
tibiae whitish at the base and on the distal one-fourth or so, the inter- 
mediate part fuscous. In the single, slide mounted specimen at hand, the 
middle tibiae appear entirely whitish meridionalis n. sp. 

The males of neither D. poradisicus (Motschulsky) nor D. silves- 
trii are known. So far as can be observed the males of the three 
species described as new in this paper and those of D. elegans 
Silvestri are remarkably alike, differing principally in the color of the 
legs. The male of D. elegans as figured by Silvestri will serve equally 
well to illustrate the other species. The general color is bluish or 
greenish black. Face and cheeks more intensively bluish or greenish. 
Abdomen more predominantly black. Pedicel of antennae more or less 
fuscous, the remainder whitish or yellowish in parts with variable 
fuscous markings which are described. 


Diversinervus scutatus n. sp. 

Figure 1 a-c 

This species can be distinguished by the widely expanded scape, 
large club, small setae of the tufts and their long drawn out arrange- 
ment. The description is from balsam mounted specimens. 

Female — 

Frontovertex very narrow, orbits parallel for the greater part. 
Ocelli in an acute triangle, the anterior ocellus almost its own diameter 
from the orbits, the posterior pair slightly more than their own 
diameter from the occiput and almost- one-half their own diameter 
from the orbits. Four rows of small setigerous punctures extend from 
the anterior ocellus to the frontal ledge where they scatter. 
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Scape widely expanded, slightly more than one and one>half times 
as long as wide. Pedicel a trifle less than twice as long as wide. First 
funicle joint a trifle longer than wide, the second and third about as 
wide as long, the succeeding plainly wider than long so that the sixth 
is almost twice as wide as long. Club large, almost as long as the 
funicle joints united and about one and one-half times as wide as the 
preceding joint. Other details of antennae as shown in figure la. 



Fig. 1. Dwersinervus scutatus n. sp. Female, a, Antenna ; b, head and body ; 

c, forewing. 


Porewings as shown in figure Ic. In some specimens the apex of 
the wing is almost or completely hyaline. Hind wings with the small, 
fuscous cloud common to the other species. 

Vertex with short, erect, black setae, as in the other species. Meso- 
scutar tuft composed of rather small setae longitudinally arranged. 
The metallic band occupying the posterior one-third of the meso- 
scutum clothed with numerous, silvery setae. Each axilla with five 
or six, short, black setae. Scutellar tuft composed of small setae longi- 
tudinally placed. The usual pair of erect, long setae at the apex of 
scutellum. Other details as shown in figure lb. 

It is difficult to determine the exact color from the balsam mounted 
specimens. Most of the ventral expansion and the base of the scape 
and the radical joint are blackish, the apex of scape white, and the 
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remainder yellow. Dorsal half of the pedicel black, ventral half white. 
The blackish color of the funicle is variable, usually the first four 
joints are definitely fuscous except for the dorsal and ventral margins 
which may be pale. In some specimens the fuscous is present on the 
fourth joint and more rarely on the fifth and sixth joints, but the pre- 
vailing color of the distal two funicle joints is yellow. Two basal club 
joints yellow, the oblique, apical joint blackish. Pace yellow, the 
frontovertex and frontal ledge washed with dark metallic with vio- 
laceous reflections. Posterior one-third of mesoscutum with a dark 
metallic cross band, presumably bluish green but this does not appear 
to advantage in balsam. In balsam, the anterior one-fourth or so of 
the mesoscutum appears translucent and colorless without yellow pig- 
ment, probably indicative of the band which appears silvery white in 
tag mounted specimens. Remainder of the thorax yellow with dusky 
or blackish suffusions as follows; tegulae, a small spot on either side 
of the scutellum, declivous sides of propodeum and posterior part of 
mesopleura. These parts described as fuscous or dusky undoubtedly 
have bright color reflections. Dorsum of abdomen mostly dark metal- 
lic, more intense on the first tergite, becoming yellow laterally and at 
the apex. Exserted ovipositor sheaths yellow. All coxae and most 
of the femora white. Middle femora with a fuscous spot near the 
apex. Middle tibiae tipped at extreme base with blackish followed 
by a white annulus and this by a narrow, dusky blotch or annulus, 
the remainder pale yellow. The femora and tibiae of the fore and 
hind legs are marked somewhat similarly to those of the middle pair 
except that the fuscous areas are not as distinctly marked and are 
more extensive, in some specimens appearing as faint indefinite suf- 
fusions. All tarsi whitish to pale yellow concolorous with the distal 
ends of the tibiae. 

Length. — 2.1 mm. 

Male. As described in the key. 

Described from thirteen females and fourteen males (holotype, 
allotype, and paratypes) reared by E. W. Rust, from Ceronema sp. on 
Ampelopsis, collected at Durban, Natal, September 7-8 and Novem- 
ber 5, 1926. Rust’s No. M 12. 


Diversinervus meridionalis n. sp. 

Figure 2 a^c 

In this species the scape is more than twice as long as wide, pedicel 
almost three times as long as wide ; club length equal to that of the 
preceding four funicle joints. It is most readily separated from 
2>. elegans by the white basitarsus of the hind legs, from D. scutatus 
by the longer and more compact tufts, from D. de santisi by color, 
from D. silvestrii by color and arrangement of the setae composing 
the tufts. 
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Female — 

Head about like that of D. scutatus and D. elegans. Scape 
expanded below, probably wider than as shown in figure 26 since the 
specimen was in a slightly oblique position. Pedicel about two and 
one-half times as long as wide. First four funicle joints subequal, 
each about as long as wide, the fifth and sixth appreciably larger, the 
latter about one and one-half times as wide as long. Club about one 
and one-half times as long as the sixth funicle joint and as long as the 
four joints preceding united. Other details of antenna as shown in 
figure 26. 




rig. 2. Diversinervua meridionaZis n. sp. Female, o, Thorax; h, antenna; 
0 , detail of venation and adjacent cilia. 


The forewings are essentially like those of D. scutatus n. sp., as 
shown in figure Ic, except that the basal cloud is more extensive, 
similar to that of 2 >. silvestrii, as figured by Waterston, and the apical 
area is plainly infuscated. Submarginal vein with nine setae. 

Vestiture of the thorax about as shown in figure 2a. The scutellar 
tuft is composed of two, close, parallel rows of nine stiff, suberect, 
black setae and the usual longer, erect, apical pair. The setae of the 
mesoscutar tuft are grouped closer together than are those of the 
scutellar tuft. Figure 2a does not show the actual number of setae 
composing the tufts. 

Color similar to that of D. scutatus n. sp. except that the yellow 
pigment is more dominant. Abdomen mostly yellow only the first 
tergite distinctly metallic and the sides anterior to the vibrissa! plates 
slightly dusky. Middle and hind tibiae with a narrow, white annulus 
at bas^ ends followed by fuscous suffusions which blend to yellowish. 
The distal end of the hind tibiae is pale yellow more in contrast than 
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in the middle tibiae. Knees of the middle and hind legs blackish. 
Middle femora with a faint fuscous spot or band on the distal one- 
fourth. Scape blackish on the ventral margin and more broadly 
towards the base. Apical half of the pedicel blackish, the ventral 
half white or pale yellow. First four funicle joints fuscous or brown 
with the dorsal margin pale, slightly yellowish. Fifth and sixth 
funicle joints yellow. Basal club joint yellow, the apical two joints 
fuscous. Head and thorax predominantly yellow. Posterior one-third 
or so of the mesoscutum transversed by a bluish black band, in life, 
probably silvery. In the balsam mounts the silvery sheen of the pro- 
notal band is destroyed and the derm appears transparent where it 
overlaps the fuscous concealed part of the mesoscutum. Sides of 
propodeum and the mesopleura dark metallic. 

Length, — 1.8 mm. 

Male. As described in the key. 

Described from five females and two males (holotype, allotype, 
and paratypes) reared by E. W. Rust from a Ceroplastes sp. collected 
at Durban, Natal, April 20-26 and May 21-29, 1926. Rust's No. M 19. 


Diversinervus silvestrii Waterston 

Diversinervua silvestrii Waterston, Bull. Ent. Ros. 7(2) : 127-140, figs. 1-2, 
1916. 

Waterston 's detailed description and the excellent drawings by 
Terzi will enable recognition of this species. 


Diversinervus de santisi n. sp. 

This species is more extensively dark metallic than are any of 
the others and can be recognized at a glance. 

Female — 

Frontovertex very narrow, hardly as wide as three times the 
diameter of the anterior ocellus. Ocelli in an acute triangle, the 
posterior pair separated from each other by about once their own 
diameter and slightly more than one-half their own diameter from the 
occipital margin and placed very close to the orbits. The longitudinal 
rows of setigerous punctures, anterior to the median ocellus, very faint. 

Scape slightly less than three times as long as wide. Pedicel 
slightly more than twice as long as wide. Funicle joints gradually, 
successively increase in width so that the sixth is about one and one- 
half times as wide as long. Club large, about as long as the funicle 
joints combined. 

Forewings more darkly infuscated than are those of the other 
species, although in gener^ the pattern is similar. Hind wings with 
the infuscated spot common to the other species. 
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Mesoscutar and scutellar tufts compact, composed of thick, black 
setae. A pair of erect setae longer than the tuft at apex of scutellum. 
Eyes with sparse, fine, whitish pubescence. Posterior half of the meso- 
scutum, narrowly on the sides and the anterior part blackish, metallic, 
the former strongly bluish, appearing as a transverse cross band set 
with silvery setae. On either side of the tuft the mesoscutum is 
blotched with orange or yellowish. Collar of pronotum faintly silvery. 
Axillae orange yellow with a variable fuscous suffusion. Scutellum 
mostly orange yellow, the sides and more widely opposite the tuft 
blackish. Sides of propodeum iridescent with greenish reflections pre- 
dominating. Abdomen black, metallic with reflections. Tegulae 
fuscous. Frontovertex and cheeks dark brown, strongly metallic, face 
light brown. Mesopleura pale brown and translucent anteriorly blend- 
ing to dark violaceous posteriorly. Lateral and under parts of thorax 
more or less brownish or fuscous. Pore and hind coxae and tro- 
chanters white, those of middle legs dark brown or blackish. Middle 
femora mostly white on the basal half and straw colored at apex, the 
intermediate part blackish or dark brown. Hind femora blackish. 
Middle femora .mostly dark brown or blackish, the ends pale. Middle 
tibiae with a white annulus at base and straw colored on the apical 
one-third, the intermediate portion blackish or, dark brown. Hind 
tibiae marked somewhat like the middle pair except that the ends are 
not as extensively pale. Pore tibiae dark brown, the ends obscurely 
paler. Basitarsus of hind legs black, the following joints white. Basi- 
tarsus of middle legs slightly darker brown than are the following 
joints. Pore tarsi dark brown. Ventral and dorsal margins of the scape 
broadly suffused with blackish, the remainder yellowish. Pedicel dark 
brown on the dorsal half, the remainder yellowish. Punicle joints 
dark brown, the two distal joints sometimes yellowish. First club 
joint usually yellow in contrast to the funicle which may have the 
distal two joints yellow, but owing to the blackish setae they appear 
fuscous. Apical two club joints dark brown to blackish. 

Length. — 1.8 mm. 

Male — 

Blackish with strong bluish or greenish reflections depending on 
the light. Mesoscutum with a broad, transverse bluish green, posterior 
band set with sparse, silvery setae. Frontovertex bronzy, face and 
cheeks greenish. Mesopleura violaceous. Middle coxae, hind femora, 
hind tibiae, except the ends of the latter and a suffusion on the basal 
half of the middle tibiae, distad of the annulus fuscous, the remainder 
of the legs mostly whitish blending to faintly brownish at the knees 
and on the basal part of the fore tibiae. 

Length. — 1.4 mm. 

Described from 16 females and 3 males (holotype, allotype, and 
paratypes) reared from an undetermined species of Pulvinaria that 
commonly infests Croton macrostachys at the Abyssinian villages of 
Oiglasciu and Ez’taclesan. These villages are located about 45 kilo- 
meters north of Asmara, Eritrea, on the plateau at an elevation of 
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about 7800 feet. The specimens issued on various days in April and 
May, 1930. The scales from which the parasites issued had five or 
more exit holes in their backs. 

The species is named after Sr. Michele de Santis, a pioneer of 
Eritrea, who, at eighty years of age, commenced the study of 
entomology. 


Diversinervus elegans Silvestri 

Figure 3, a, h 

. Diversinervus elegans Silvestri, Boll. Lab. Zoll. Portici, 9:303-305, 3 figs. 

1914. 

CheUoneuroides hicristatus Girault, Mem. Queensland Mus. 4:96-97. 1915. 

With a few minor exceptions specimens of Z>. elegans, reared from 
Saissetia oleae (Bern.) collected in Eritrea, are in agreement with 
Girault ’s description of D. hicristatus. In Girault description no 
mention is made of the silvery, pronotal cross band, the black streak 
on the dorsal margin of the pedicel, nor the fuscous or brownish 
appearance of the first five funicle joints. In the collection of P. H. 
Timberlake is a single specimen, determined *hy Girault as D. hicri^ 
status, bearing the label ‘‘On black scale, Brisbane, Queensland, 
George Compere, August 27, 1900.’’ This specimen is paler than 
Girault ’s description indicates the types to be, yet it clearly shows the 
pronotal cross band, blackish streak on the pedicel, and the dusky 
funicle. The Brisbane specimen differs from those from Eritrea by 
being paler or faded, less refringent and having smaller setae com- 
posing the tufts. Since no good characters can be observed that will 
separate the two forms, it is thought that they are specifically alike. 
The fact that they were discovered in widely remote localities is not 
considered as grounds for maintaining their separate identity since 
other black scale parasites of African origin also occur in Australia. 
This is just another one of those cases where a parasite has been acci- 
dentally transported with its host from one country to another. 
Although we do not have a record of Saissetia oleae (Bern.) occurring 
at Townsville, Queensland, where Girault obtained his type specimens, 
we do know that it occurs at Brisbane where it is attacked by other 
parasites of African origin. 

In the Rust collection there are thirty-three specimens, mostly 
reared from Saissetia perseae taken at Durban and Mayville, Natal, 
1926. No characters can be noted which distinguish them from the 
Eritrean specimens. In regard to one pair, it is stated that they were 
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taken in coitus after emerging from a parasite inhabiting a species of 
Inglisia. In regard to the other species of Diversinervm reared by 
Rust, on some of the slide labels it is also stated that they were reared 
from a parasite inhabiting the coccid but I have recorded the coccid as 
the host under the supposition that a mistake was made in alleging 
them to be hyperparasitic. Heretofore Diversinervm was supposed 
to be a genus of hyperparasites but this supposition was not based on 
biological observations. It is now known that D, elegans is a primary 
parasite and presumably the other species are likewise primary. How- 
ever, this should be verified before any of the other species are trans- 
ported from one country to another and colonized. 

In April and May, 1930, while in Eritrea investigating the para- 
sites of the black scale, Saissetia oleae (Bern.), for the University of 
California Citrus Experiment Station I obtained living specimens of 
2). elegans. The attempt to transport a colony of live parasites to 
California was unsuccessful and efforts to obtain this species are being 
continued. The following notes on the biology of the species were 
made at Nefasit, Eritrea. 

Diversmervus elegarts was frequently reared in small numbers from 
black scale collected at various places on the Asmara Plateau. The 
species was more abundant in the material collected in the town of 
Asmara than it was in material collected^at Giglasciu and Ez ’taclesan. 
According to my rearings this species ranks about fifth in point of 
numbers, being exceeded by ScuteUista cyanea (Motsch.), Metaphycris 
lounshuryi (Howard), Coccophagus sainteheawvei Qirault, Coccopha^ 
gus ochraceus Howard, and Coccophagus baldassarii Compere. How- 
ever, more rearings over a longer period of time may alter this rating. 


OVIPOSITION 

Diversinervus elegans attacks about the same sized black scale as 
does Metaphycus lounsburyi. If an opportunity for a selection is 
offered the parasites first oviposit in the larger mature scales. In the 
absence of mature scales they readily attack the smaller specimens. 
The oviposition habits of this parasite are peculiar. By a slow and 
deliberate antennal inspection the parasite locates the anus through 
which the ovipositor is inserted. In the vial where the ovipositions 
were watched two and three parasites often competed for the same 
host. At first they were wary, shying off at the approach of another. 
After having made a successful oviposition they became more per- 
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sistent and would make successive ovipositions without leaving the 
host or without entirely withdrawing the ovipositor, even though 
harrassed by others attempting to oviposit through the same opening. 

The Eggs 

The eggs are of the aeriferous type. They are found on dissection, 
enclosed in the hind intestine suspended on a long stalk, the en^ of 
which is inserted through the anal tissue. As many as twelve eggs 



a 


Fig. 3. Diversinervus elegans Silvestri. a, Cluster of three newly laid eggs; 

b, first stage larva. 

were found, packed closely together, in the intestine of one host, pre- 
sumably the result of several parasites ovipositing. In one case an 
individual was seen to deposit four eggs in the same scale before with- 
drawing her ovipositor. A drawing of an egg is shown in figure 3a. 

A scale oviposited in by Diversinervus elegans on May 5 and 6, was 
dissected on the morning of May 12. In the intestine were six 
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unhatched eggs, in a late stage of development, and one newly hatched 
larva. The newly hatched larva is shown in figure 36. 

These data were considered sufficient to justify the colonization of 
the species in the cages for propagation. Several hundred specimens 
were released in the cages and allowed to oviposit for several weeks 
prior to the departure for California. It was the intention to com- 
plete the life history observations by following the entire larval 
development before the material was released from the quarantine 
room and the species colonized in California. En route through the 
Red Sea, all the material was killed so that the later larval stages of 
this interesting parasite were not observed. 


Taxonomy of the Adults 

. The original description and illustrations were prepared from three 
specimens and although they admirably illustrate the general char- 
acters there are a few discrepancies which should be explained. I have 
not seen the type of D. elegans and the determination of our specimens 
is based on the fact that they were reared from the same host as were 
the types and that these hosts were obtained within 15 miles of Nef asit, 
the type locality. Also, the differences between the description and 
our specimens are of a kind that are easily made when a species is 
described from only several specimens. Silvestri^s figure of the 
antenna of the female does not show the correct shape and proportions 
of a lateral view, the expansion of the scape is not shown and a narrow 
aspect of the club is given. The body is obviously copied from a speci- 
men that had been unnaturally expanded by pressure of the cover slip, 
the abdomen being actually more slender than is shown in his figure. 

Female — 

Head, dorsal view, apparently similar to that of Z>. scutatus n. sp. 
as shown in figure 16. Scape only a trifle more than twice as long as 
wide, not three times as shown in the original fi^re. Pedicel two and 
one-half times as long as wide. First three funicle joints each a trifle 
longer than wide, the fourth and fifth about as long as wide, the sixth 
wider than long. In general there is no appreciable widening of the 
funicle before the fifth and sixth joints. Club as long as the four pre- 
ceding and a portion of the second joint combined and one and one- 
half times as wide as the distal funicle joint. 

The forewings are accurately shown in the original figure. 

In our series of specimens the setae composing the mesoscutar 
and scutellar tufts are much stronger and more compact than is shown 
in the original figure. This character may be variable or the illus- 
trator, for the sake of clearness, may have desired to show the number 
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and arrangement of the individual setae in which case they would not 
appear as a thick, black tuft. In the preceding pages some use has 
been made of the tufts for diagnostic purposes but this character taken 
alone is not entirely dependable. 

General color yellow. Posterior one-fourth of the mesoscutum 
marked by a sharply defined, bluish black, metallic cross band set with 
silvery setae. Posterior margin of the pronotum silvery white, in life 
or in tag mounted specimens. Sides of propodeum and mesopleura 
posteriorly more or less dark with metallic reflections. Dorsum and 
sides on the basal half of the abdomen more or less dark metallic with 
reflections. Prontovertex and the cheeks just under the eyes slightly 
brownish with strong metallic reflections. Remainder of head and 
body straw colored except for traces of brownish or fuscous margining 
some of the lateral and ventral sclerites. Ventral margin of the scape 
narrowly margined with blackish. Dorsum of pedicel with a longi- 
tudinal black streak. First four or five funicle joints dark brown or 
fuscous in contrast to the sixth funicle joint and basal club joint 
which are yellow or straw colored. Two apical club joints blackish or 
dark brown. Legs marked with whitish as follows: fore and hind 
coxae and trochanters, basal one-third or so of the fore femora, basal 
one-half or two-thirds of the middle femora, a narrow annulus near 
the base of the middle tibiae, both ends of the hind tibiae, three inter- 
mediate tarsal joints of the middle legs. Legs marked with fuscous or 
blackish as follows ; basitarsus of hind legs except narrowly at the base 
which may be whitish, basal end of middle tibiae and a suffusion fol- 
lowing the white annulus, hind tibiae with a suffusion following 
the white at basal end and another suffusion preceding the white 
apical end, middle femora with a suffusion on the apical one-third 
following the white and preceding the yellow end, hind femora faintly 
suffused apically, fore femora on the dorsum of the apical half, fore 
tibiae faintly towards the base. In some specimens the fuscous mark- 
ings are faint or absent and the areas mentioned as fuscous may be 
brownish not contrasting greatly with the remainder of the legs which 
are yellow or yellowish brown, straw colored. 

Male — 

As figured and described by Silvestri and as diagnosed in the key. 

Types of new species to be deposited in the United States National 
Museum. 
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INTRODUCTION 

The occurrence of the black scale, Saissetia oleae (Bern.), in 
Eritrea was recorded by Silvestri in 1914. Silvestri collected sixty- 
eight mature scales infesting the wild olive, Olea chrysophyllaf in the 
vicinity of Nefasit. Of the scales collected by him fifty-nine were 
parasitized by chalcids which he described as follows : Eupelmus sais- 
setiae, Cheiloneurus obscurtis, Botkriothorax oleae, Bothriothorax 
minor, Diversinervus elegans, ScuteUista cyanea var. obscurata, and 
Tetrastichus sp. Silvestri stated that the scale was rare at Nefasit 
and that it would be important to study the biology of these parasites. 

1 Paper No. 236, University of California, Graduate School of Tropical 
Agriculture and Citrus Experiment Station, Riverside, California. 
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In 1929, 1 was sent to Eritrea to study the parasites of 8. oleae itir 
the purpose of importing the effective ones into California, This 
investigation was undertaken by the University of California Citrus 
Experiment Station and was under the direction of Harry S. Smith. 
With the exception of Enpelmus saissetiae Silv,, a species, presumably 
of no economic importance, whether primary or secondary, all the 
species mentioned by Silvestri were obtained. In addition to the 
species discovered by him ten others were obtained, exclusive of the 
dark winged form of Scntellista cyanea (Motsch.). The particular 
objective of the trip to Eritrea was to investigate the two species 
described by Silvestri under the names Bothriothorax. These two 
species, now assigned to the genus Baeomusia, proved to be hyper- 
parasitic. Diversinervus elegans Silv. which was suspected to be 
hyperparasitie proved to be primary. The most effective of the para- 
sites attacking the black scale in Eritrea proved to be species already 
established in California. 

Unfortunately and contrary to what we had reason to suppose, 
the rarity of the black scale at Nefasit is not entirely owing to parasitic 
activity. The same aggregation of parasites which parasitize the scale 
at Nefasit also attack it on the Hamesan Plateau, where severe infesta^ 
tions occur. The rarity of the pest at Nefasit is probably the result of 
an adverse climatic factor operating in combination with parasitism. 
Without making a detailed ecological study it is impossible to say 
whether the pest would flourish at Nefasit if the parasitic influence 
were excluded. On the Plateau, where the climate is cool and tem- 
perate, the black scale flourishes and is subject to about as high a per- 
centage of parasitism as that which occurs at Nefasit. Below Nefasit, 
in the hot, humid climate of the foothills and lowlands, the black scale 
does not exist. Nefasit is in a transition zone between a tropical and 
temperate region.* 

2 Eritrea is an Italian Colony on the African coast of the Bed Sea. Although 
located wholly within the tropics Eritrea presents a series of climatic zones, 
ranging from tropical to subalptno, all within a comparatively short distance. 
The black scale thrives best in an arid, temperate climate. It is not a pest in 
tropical regions, if it occurs there at all. The severity of black scale infesta- 
tions seems to be strongly influenced by humidity. In the arid, warm regions 
of California the black scale infestations are severe, while in certain temperate 
regions of Japan, China, Australia, South Africa, where the climate is more 
humid than that of California, the scale does not' rank as a serious pest. 
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DISCUSSION OP THE INDIVIDUAL PARASITES 

Baeoanusia oleae (Silvestri) was one of the most common hyper- 
parasites reared from black scale collected at Asmara, Ez^taclesan, 
and Gi^lasciu. Life history studies, made at Nefasit in April, 1930, 
demonstrated that beyond a doubt this species is an obligatory parasite 
of Scutellista cyanea (Motsch.) and may possibly be monoxenotic. In 
the collection of the Citrus Experiment Station is a series of specimens 
collected by Rust in Natal. This species has never been recorded from 
Cape Colony where extensive collections of black scale have been made. 
Heretofore, the black scale as well as its best known parasite, Scuteh 
lista cyanea, were supposed to have ori^nated in the southern part of 
the African continent. The discovery of the existence of this highly 
specialized hyperparasite in Eritrea indicates that its host occurred 
there prior to its establishment in Cape Colony. 

Baeoanmia minor (Silvestri) was less common than the foregoing 
species. Like its congener, it also proved to be hyperparasitic, destroy- 
ing the larvae and pupae of Meiaphyciis lounsburyi (Howard). 
Experimentally this species was reared only on M. lounsburyi inhabit- 
ing black scale. It was taken under circumstances which indicate that 
it may be parasitic on Diversinervus elegans in black scale as well as 
on M, lounsburyi. A single specimen was reared from Saissetia cune- 
formis Leonard!, a rather common coccid, that is attacked by five or 
more parasites including a species of Metaphycus. Baeoanusia minor 
has been known to us for many years under the name B. africana 
Girault. It was reared from material collected by Lounsbury in Cape 
Town as early as 1903. Rust reared numerous specimens from black 
scale during his stay in South Africa. There is no record of this 
species ever having been reared in California from material imported 
from Africa but it was reared at Sydney, Australia, in 1903, from 
material sent from Cape Town. 

Diversinervus elegans Silvestri, a species heretofore supposed to 
be hyperparasitic, proved to be a primary parasite of 8 . oleae. It has 
a peculiar life history. The females oviposit through the anus of the 
scale and the aeriferous eggs are found in the hind intestine of the 
host. This parasite was generally distributed but it was not abundant 
in any one locality. When in Natal, Rust reared a series of specimens 
that are indistinguishable from the Eritrean species. The species 
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described by Girault from Queensland, Australia, under the name 
Cheiloneuroides bicristatus is now recognized as a synonym of I>. 
elegam. Efforts to import this species into California are being 
continued. 

Cheitoneurus obscurus Silvestri was occasionally reared from black 
scale collected in Eritrea. This species is supposed to be hyper- 
parasitic although this was not demonstrated to be the case in regard 
to the species under discussion. 

Tetrastichus injuriosus Compere. This is probably the species 
recorded by Silvestri as Tetrastichus sp. It is hyperparasitic on the 
black scale as well as on other coccids. With one possible exception, 
this was the most numerous of the hyperparasites reared by me in 
Eritrea. It also occurs abundantly in South Africa, where the type 
specimens were collected. 

. Scutellista cyanea (Motsch.) as well as the variant obscurata were 
obtained. In Eritrea the typical clear winged phase is the common 
form. In spite of being rather severely attacked by Baeoanusia oleae, 
Scutellista is just about as abundant in Eritrea as it is in California. 

Metaphycus lounshuryi (Howard) is probably the most important 
parasite of the black scale occurring in Eritrea. This species was 
described from material collected by Lounsbury in Cape Town prior to 
1898. It also occurs in Australia where, presumably, it was acci- 
dentally introduced with its host prior to 1900. It was purposely 
imported into California, in 1919, and now holds first rank as an 
enemy of S. oleae in this state. 

Coccophagus achraceus Howard occurs in Eritrea and was fre- 
quently reared from the small sized black scale. The history of this 
species is puzzling. It was originally described in 1887, from speci- 
mens reared from a Lecanium sp., infesting a native plant in Alameda 
County, California. It wag not again collected in California until 
1921 and then it suddenly became quite abundant in southern Cali- 
fornia at a time when we were endeavoring to import it from Cape 
Town where it was known to us by the name of C, bifasciaticorpus. 
We had, in fact, colonized African specimens on young black scale in 
the Whittier, California district, shortly before the true identity of 
this species was discovered. The sudden rise of C. ochraceus to eco- 
nomic value in California cannot be attributed to our liberations of 
African specimens for it was collected in large numbers from widely 
separated localities almost simultaneously. Since ,1921, C. ochraceus 
has ranked as one of our important black scale parasites, while prior 
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to that date it remained unknown to us, although great quantities of 
black scale were collected in California for the purpose of rearing the 
parasites. 

Coccophagns sainteheauvei Girault was^extremely numerous in cer- 
tain restricted areas at Giglasciu and Ez’taclesan, Abyssinian villages, 
45 kilometers north of Asmara. The infestations of scale were 
extremely severe on Croton macrostachys. Large numbers of C. sainte- 
beauvei were reared from the Giglasciu infestation. Practically all of 
these parasites issued from material taken from two, isolated trees. 
The fact that this species was not generally distributed seems to 
indicate a weal^ness. The extreme abundance of this species in two, 
isolated cases can be explained by the fact that it is not uncommon 
for an isolated infestation of scale to become severe before being 
located by parasites and then it often happens that the parasite which 
gets started first becomes more abundant than any of the competing 
species which arrive later, even though the latter may be more efficient. 

Coccophagns sainteheauvei was originally described from speci- 
mens reared from 8. oleae collected at Uganda, September, 1915. It is 
a primary parasite. The soft “rubber sized scales are the preferred 
hosts. The developing larvae avoid the vital organs of the host and 
entirely complete their pupal development while the host is still alive. 
Frequently on dissecting a living host the adult Coccophagus is found 
ready to issue and it becomes active the moment it is freed from the 
membrane which enshrouds it. Fully one-third of the 8. oleae infest- 
ing Cretans at Giglasciu and Ez^taclesan were pure white in color 
which made it easy to detect the ones occupied by the black colored 
pupae and adult Coccophagus. 

Coccophagus haldassarii n. sp. This species is very closely related 
to C. anthracinus Compere, a black scale parasite described from Cape 
Town, which we have attempted to establish in California. So far as 
can be observed it dilfers from the latter species only in the coloration 
of the legs. Only two specimens are available to serve as types on 
which to base a description. A few specimens of this species were 
first obtained from half grown 8. oleae infesting Veronia amigdalina 
in a garden in Asmara. The fissures in the bark and the pruning 
wounds on the main limbs partly concealed many, old shells of half 
grown scales that had been destroyed by this species. The mummified 
shells had a distinctive appearance so that when similar looking mum- 
mies were observed in other localities their destruction was attributed 
to the work of C. haldassarii n. sp. At the time of my visit, March 13 
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to May 21, 1930, this parasite was not abundant but the parasitized 
remains discovered on several trees show that it had destroyed an 
appreciable number of scale. About fifty living adults of this species, 
including both sexes, were reared. When they were released in the 
cages they readily propagated in a clean stock of black scale of Cali- 
fornia origin. Specimens of the second generation were commencing 
to issue at the time of my departure for California with the material. 
Although the following description is based on two specimens it is 
strengthened by the fact that I inspected a number of living specimens 
, before they were released in the cages and that the striking yellow and 
black coloration of the legs appeared quite constant. 


Caccopha{/ns haldassarii n. sp. 

Female — 

Thorax and abdomen black, except that the parapsides and tegulae 
are tnore or less yellowish or orange colored. Pace and cheeks yellow 
with more or less fuscous suffusions. Vertex marked with yellow. 
Scape concolorous with the face. Sensoria of antennae rather abun- 
dant and black thus producing the appearance of a black flagellum. 
Legs lemon yellow, except the hind tibiae which are almost completely 
black, only the apical end broadly pale yellow, and the middle and 
hind coxae, which are more or less dark brown to blackish. 

Scutellum with three pairs of setae, each axillae with three rather 
strong setae. Scutellum about as long as the mesoscutum.* Pedicel 
plainly shorter than the first funicle joint. First funicle joint the 
longest, the succeeding gradually increasing in width and decreasing 
in length. Abdomen, in dry tag mounts, about as long as the thorax, 
rounded at apex. In the two females, tag mounts, available it is not 
possible to determine the exact length of the ovipositor, but the con- 
formation of the abdomen indicates that it is short, probably extend- 
ing about one-half the length of the abdomen. 

Length, — 1.2 mm. 

Male. No males were preserved for museum specimens. 

Described from two females (holotype and paratype) the former 
reared from Saissetia oleae (Bern.) infesting marguerites at Asmara, 
Eritrea, April 9, 1930, and the latter reared from the same host infest- 
ing Croton macrostachys at Ez’taclesan, April 20, 1930. 

Types to be deposited in the United States National Museum. 

Named after Dr, L. Baldassari, entomologist of the Colony of 
Eritrea, who generously cooperated in an effort to make the trip 
successful. 

Euaphycus helvolus (Compere). A form commonly found attack- 
ing the small black scales in Eritrea appears indistinguishable from 



1931] 


Compere: Parasites of Saisseiia oleae 


253 


E. helvolus, a species described from the same host collected in Cape 
Town, South Africa. This is without much doubt a primary species. 
It was one of the parasites that successfully reproduced in the cages. 

Coccophagus sp. This is described in a paper now in press under 
the name C, negritus. The type specimens were collected by Rust in 
Natal, where it was recorded from Saisseiia persimUe (Newstead). 
A dozen or so specimens were reared from Sadssetia cuneformis col- 
lected at Nefasit and at later dates occasional individuals appeared in 
the jars where the black scale parasites from Giglasciu and Ez^taclesan 
were being reared. As occasional specimens of 8. cuneformis were 
mixed with the 8. oleae it cannot be positively stated that this species 
is a black scale parasite. No observations on the life history of this 
species were made. Adults were released in a cage. It was not neces- 
sary to determine in advance of liberation in the cages the exact status 
of all the species obtained for the scales in the cages were unparasitized, 
so that primary parasites would be able to reproduce on the scales 
while hyperparasites would fail for want of a suitable host. As a 
further safeguard, it was planned to isolate in the quarantine room, at 
Riverside, all the foreign material until the status of each species was 
determined l)eyond any question of doubt. 

The acquisition of a large series of Coccophagus of the lecanii 
group from Eritrea has not ameliorated the uncertainty already 
existing in regard to the relationship of the species included in this 
complex. The rearing records concerning the species under discussion 
indicate that definite host preferences, if not actual host limitations, 
exist. The form described as new under the name Coccophagus eri- 
treaensis was only definitely reared from 8aissetia cuneformis and 
Coccus hesperidum. Occasional specimens^, of this species appeared in 
the breeding jars where the great bulk of the material consisted of 
8. oleae but in no case were specimens obtained from an unmixed 
infestation of S. oleae. This species was by far the most abundant of 
the parasites attacking 8. cuneformis and C. hesperidum. Parasites 
liberated in a cage containing 8, oleae appeared to oviposit and if it 
were not for the loss of the material, while en route to California, it 
would have been determined definitely by the appearance or non- 
appearance of a second generation whether or not 8, oleae was a host. 
If the evidence, which indicates that this species is not parasitic on 
8, decs, is not misleading, then, it corroborates the suspicion that in 
the lecanii group we are dealing with a number of newly evolved, 
closely related forms that cannot be satisfactorily recognized on the 
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basis of the taxonomic characters now used. In a publication now in 
press, on the classitication of the species of Coccophagus, the struc- 
tural characters which distinguish the species of the lecanii group 
are given. 


Coccophagus eritreaensis n. sp. 

Females — 

Structurally and in the coloration of the body not unlike C, lecanii 
and related species. Legs yellow, except for .the middle and hind coxae 
and hind femora which are blackish, the latter yellow at the apex. In 
my unpublished key to the species of Coccophagus this form runs to 
couplet 35 which does not provide for its reception. The coloration 
is uniform in the great majority of specimens. Occasional departures 
from the typical form occur. 

Males — 

In the key to the males of the species of the lecmii group this form 
runs to couplet 2, which does not provide for it. Legs light, lemon 
yellow, except the middle and hind coxae and the hind tibiae which 
are blackish, the ends of the latter yellow. Pace and cheeks lemon 
yellow. Prontovertex fuscous or orange with the ocellar area blackish. 
Occiput suffused with fuscous. Parapsides yellow with a median 
fuscous blotch. 

Described from twenty females and two males (holotype, allotype, 
and paratypes) reared from Saissetia cuneformis Leonardi and Coccus 
hesperidum Linn, collected at Nefasit and Asmara, Eritrea, at various 
dates during March, April, and May, 1930. In addition to the speci- 
mens selected as types many hundreds of specimens were reared. 

Types to be deposited in the United States National Museum. 

Coccophagus eleaphilus Silvestri is a species of the lecanii group 
originally described from Nefasit, Eritrea, where it was reared from 
Siphoninus finitimus Silv. A few specimens in agreement with the 
types of C, eleaphilus were reared from cuttings infested with Sais- 
setia oleae. Possibly the infestation was mixed with a few specimens 
of Saissetia cuneformis that were not noted at the time so the host 
record is questionable. It is possible that the specimens identified as 
C. eleaphilus are extreme color departures of (7. eritreaensis n. sp. If 
future studies show that C. eritreaensis and C, eleaphilus are only 
color variants of the same species, then the specimens with predomi- 
nantly yellow legs are characteristic of the species and the type 
specimens, collected by Silvestri, are extreme color departures, 

Coccophagus sp. Specimens of an undescribed species were reared, 
presumably, from S. oleae on Croton macrostachys collected at Qig- 
lasciu. This is a large species closely related to, if not identical with, 
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a species taken by Bust in Durban, Natal, where he reared them from 
Saissetia persimile. Except for three samples, saved for museum 
specimens, all others were released in a cage containing unparasitized 
black scale. As the material was killed before a second generation 
could develop, it was not determined positively whether this species 
is a black scale parasite. 

Encyrtus sp. A species unlike any of the common better known 
forms was reared from 8 . oleae collected at Giglasciu and Ez’taclesan. 
This host record is positive but it was not demonstrated that the 
species is primary although all evidence indicates that this is the 
case. Males and females were allowed to mate and were then released 
in a cage. Day after day for a period of two weeks the females were 
observed to be busy at work, apparently ovipositing in unparasitized 
black scale. The press of other work in the final weeks before my 
departure from Eritrea made it impossible to follow all the species 
through the egg, larval, and pupal stages. It was planned to continue 
the life history observations while en route to California and then if 
necessary, complete the studies in the quarantine room at Riverside. 
As previously noted, the destruction of all the scales, both parasitized 
and unparasitized, that were being transported in the Wardian cages, 
as well as the complete loss of additional material prepared for transit 
in cold storage, brought all the biological work to an end. 

Etixanthellus phUlippiae Silvestri. In a preliminary report, on the 
parasites of the black scale under the name Euxanthellus sp. we 
described the oviposition habits of this species and described how the 
eggs were placed on a primary larvae.® The material which we pre- 
viously reported on was collected in South Africa by Rust. A large 
series of specimens collected in Eritrea, near the locality where 
Silvestri obtained his type specimens, are identical with the South 
African specimens. This is a hyperparasite par excellence. It is 
entitled to rank as one of the most injurious hyperparasites, fully as 
harmful as the notorious Q%mflea whittieri (Girault). It attacks a 
much wider assortment of hosts than does QuayUa. The larvae develop 
ecto-parasitically on the primary hosts while they inhabit the coccids. 
Large numbers of Euxafnthellns were reared from Saissetia olea£ col- 
lected in various localities in Eritrea. Great care should be taken to 
prevent any of the species of Euxamthell'os from getting established 
in California. 

8 Smith, H. S., and Compere, H. Univ. Calif. Publ. Ent. 4(9) :264-269, figs. 
13-16. 1928. 
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Baeoanusia Qirault 

Baeoanusia Girault A. A., Mem. Queensland Mus., 4:163. 1915. 

The assignment of the species treated in this paper to the genus 
Baeoanusia is based on the supposition that the species B. africana 
Girault was placed in its proper genus by its author.^ The genus 
Baeoanusia was erected by Girault, in 1915, for the reception of three 
Australian species. Subsequently he described two other Australian 
species under Baeoanusia. In 1916, Girault described Baeoanusia 
africana from six specimens reared from Saisseiia oleae (Bernard), 
collected in Cape Colony, Union of South Africa, by C. P. Lounsbury. 

Among the coccid-inhabiting encyrtids collected by E. W. Rust, in 
South Africa, is a series of specimens that were determined by P. H. 
Timberlake as Baeoanusia africana Girault. These were reared from 
Scdssetia oleae collected in Cape Colony. As the specimens agree with 
GiraulUs description and are from the type locality and issued from 
the same coccid it is safe to conclude that the specific determination 
is correct. 

In 1914, Dr. P. Silvestri described Bothriothorax oleae and B. 
minor from specimens reared from Saisseiia oleae, collected at Nef asit, 

1 Paper No. 237, University of California, Graduate School of Tropical 
Agriculture and Citrus Experiment Station, Riverside, California. 

2 In the following pages this species is shown to be a synonym of B. minor 
(Silvestri). 



258 University of Calif orma Publicaiions in Entomology [Vou 5 


Eritrea. Prom Silvestri 's description and figures it was evident that 
the species were not Bothriothorax but were possibly Basoanusia. In 
reply to a request, Dr. Silvestri kindly sent a cotype of his species 
Bothriothorax oleae. It proved to be congeneric with the species 
identified as Basoannsia africana Girault. 

In December of 1929, the Citrus Experiment Station of the Uni- 
versity of California sent me to Eritrea, to investigate black scale con- 
ditions and to import the primary parasites of the scale into this state. 
Prior to this investigation it was supposed that the species of Baeo- 
anusia were probably primary parasites, and possibly were responsible 
for the rarity of the black scale at Nefasit, as recorded by Silvestri.® 

In a large series of specimens collected from various localities in 
Africa only two species of Baeoanmia appear. They are the two 
species originally described by Silvestri under Bothriothorax, The two 
species are quite distinct and may be separated by the following key : 

Frontovertex relatively wide, between one-fourth and one-fifth as 
wide as the head. Ocelli in an equilateral triangle, the anterior ocellus 
plainly more than its own diameter from the orbits. Apex of middle 
tibiae and the spur blackish. Knees of all legs more or less brownish. 
Tarsi of middle and hind legs whitish. Middle tibiae faintly whitish 
at base. Remainder of the legs blackish. Abdomen, after shrinkage, 
longer than the thorax, triangular. A large species measuring about 
2.7 mm. in length oleas (Silvestri) 

Frontovertex relatively narrow, about one-eighth as wide as the 
head. Ocelli in a strongly acute triangle, the anterior ocellus about 
its own diameter from the orbits. Apex of middle tibiae and the spur 
yellowish or white. All tibiae broadly marked with yellowish or 
whitish on the ends. Abdomen, after shrinkage, as long as the thorax, 
plainly shorter than in the foregoing species, A smaller species 
measuring about 1.7 mm. in length minor (Silvestri) 


Baeoanusia oleae (Silvestri) 

Text figures 1-2 

Bothriothorax oleae Silvestri, Boll. Lab. Zool. Portici, 9:290-291, 2 figs. 

1914. 

Many hundreds of specimens of this hyperparasite were reared 
from black scale, Saissetia oleae, mostly collected on Croton macro- 
stachys, growing in the vicinity of the Abyssinian villages of Ez^tacle- 
san and Giglasciu, located about 50 kilometers north of Asmara on the 
Plateau, at an elevation of approximately 7800 feet. Occasional speci- 
mens were reared from material collected on various hosts in the towns 

« Silvestri, P. Boll. Zool. Lab. Portici, 9:268. 1914. 
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of Asmara and Cheren. Prom some of the samples taken at Gi^lasciu, 
the B, oleae outnumbered all the primary parasites combined but these 
were extreme cases. In the original record concerning this species 
Silvestri stated that it was the most numerous of the species reared 
from the black scale which he collected at Nefasit. A series of fifteen 
females and eight males were reared by Rust as follows : eleven females 
and six males from Saisseiia persimUe (Newstead), Durban, Natal, 
February and March, 1927 ; two females from Saisseiia nigra (Niet.) 
Mayville, Natal, May, 1926, and Durban, April, 1926 ; one female and 
two males from Saisseiia oleae (Bern.) Durban, January, 1927, and 
April, 1926. 

As previously stated, it was assumed that this species was prob- 
ably a primary parasite so that when the first living specimens were 
obtained they were carefully tended. After being allowed to mate, 
the specimens were placed in a large vial and provided with unpara- 
sitized black scale. ^ They failed to oviposit and more than a week 
elapsed before the combination of circumstances which stimulated 
oviposition was discovered. 


OVIPOSITION 

The female makes a rather rapid examination of the scale by tap- 
ping it with her antennae. If the scale is not inhabited by a larva or 
pupa of ScutelHsta eyanea (Motsch.) the parasite goes to the next 
scale or sometimes it remains to verify her preliminary inspection by 
probing the scale with her ovipositor. Evidently, the preliminary 
inspection with the antennae usually enables the parasite to determine 
whether or not a suitable host is concealed within the scale. When a 
scale that contains either a larva or pupa of Scntellista is discovered, 
the parasite proceeds to oviposit. The ovipositor is inserted through 
the derm on the sides at about the height of the anus. Often, whether 
the result of chance or of design, the insertion is made through the 
anus. When the parasite oviposits through the anus the insertion is 
quickly made through the soft tissue. If the derm is drilled, several 
minutes elapse before the insertion is made. When drilling in tough 
derm, the parasite continually vibrates while the hole is being bored. 
After an opening has been made the parasite exserts her ovipositor its 
full length and rapidly probes in lateral directions, the body working 
up and down synchronously with the thrusting of the ovipositor. 

< These observations on the life history of the species were made at Nefasit, 
Eritrea, where a temporary laboratory was established. 
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After observations on the oviposition indicated where to search, the 
newly laid eggs of the parasites were readily obtained by dissecting 
the ScuteUista larvae and pupae. Some of the scales used in the experi- 
ments contained larvae or pupae of both ScuteUista cyanea and 
Metaphycus lounshuryi (Howard). In no case was an egg found in 
the larvae or pupae of Metaphycus. 




Fig. 1. Baeoanusia ^leae (Silvestri). a, Newly laid egg; larva at least 
second stage and its mandible enlarged; c, mandibles and endoskeleton ; d, mature 
larva ventral view; e, mature larva lateral view showing stigmata. 


The Eggs and the Larvae 

The newly laid egg of BaeooAiusia oleae has a long stalk as shown 
in figure la. The egg, inclusive of the stalk, measures about 1.0 mm. 
long. The bulbous portion of the egg is 0.35 mm. long by 0,14 mm. 
wide. The eggs are clear and transparent. Occasionally the stalks 
get tangled in the internal organs of the host and the eggs do not float 
out freely in the water when the host is dissected. The exact length 
of the egg stage was not determined. 

In one experiment a female <.was allowed to oviposit at midday, 
April 30, 1930. Dissections made on May 4 showed larvae which had 
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at least reached the second instar as it was necessary to dissect adher- 
ing moult skins away to get a clearer view. One of these larvae, at 
least second instar, and five days old, is shown in figure Ih. Thirteen 
body segments, exclusive of the head and tail, were counted. On 
May 8, dissections of Scutellista belonging to the same lot of material 
were made. The Baeoanusia larvae occupied about two-thirds of the 
body of the Scutellista, yet the latter were still alive. Nine pairs of 
stigmata were visible and the cast larval skins adhered to the body. 
Mature larvae were present on May 10 in the lot of material oviposited 
in on April 30. A ventral and a lateral outline drawing of a mature 
larva is shown in figure Id, e. In size and shape the Baeoanusia larvae 
are not greatly unlike those of Scutellista which they have destroyed. 
The only remains of the Scutellista were the shrivelled skins matted 
in the debris with hatched scale eggs. 

The press of other work prevented a more detailed biological study 
and the date when the adults issued was not determined. 

The Adults 

The adults are large, active parasites. All the specimens obtained 
in Eritrea were of uniformly large size. They appear to be larger 
than the adult Scutellista due to the more compact and stouter 
structure of the latter. 

Silvestri’s figure of the adult gives an excellent picture of the 
general appearance of this species. It is not entirely correct in show- 
ing the relative proportions of the frontovertex which varies between 
one-fourth and one-fifth of the width of the head instead of almost 
one-third as shown in the figure. Prior to receiving a cotype of the 
species for study, I supposed the Natal specimens to be undescribed 
and prepared a description. Since this species is a serious hyper- 
parasite and its further spread is to be guarded against, a description 
in English is not superfluous. 

Female — 

Head, dorsal view, menisiform, about twice as wide as long and 
about four and one-h^f times as wide as the frontovertex. Pronto- 
vertex a trifle more than twice as long as wide (9; 4). Ocelli about 
in an equilateral triangle, the posterior pair almost touching the orbits 
and almost once their own diameter from the occipital margin. The 
anterior ocellus about one and one-half times its own diameter from 
the orbits. Head, frontal view, appreciably wider than high (30:23). 
Scrobes well developed, rounded above. Antennal sockets with their 
upper margins about tangent to the basal ocular line, spaced further 
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apart than they are from the oral margin. Head, lateral view, dorsal 
line convex, occipital line slightly concave, facial line almost straight. 
The eyes reach downward about one-half way. 

Mandibles as shown in figure 26. 

Antennal scape narrowly flattened and expanded below toward 
the apex. Pedicel almost twice as long as wide. All funicle joints 
successively increase in width, the first about as wide as long, the 
sixth about twice as wide as long. Club about as long as the funicle 
joints united and almost twice as wide as the sixth, strongly oblique at 
apex. Other details of the antennae as shown in figure 2a, 




Fig. 2. Baeoanusia oleae (Silvestri). Female, a, antenna; 6, mandible; 
Cf forewing and detail of venation above. 


Fore wings as shown in figure 2c. The cilia at the base hardly 
visible in balsam mounted specimens. Marginal vein about twice as 
long as wide. Stigmal vein slightly longer than the postmarginal. 

Abdomen elongate, triangular, pointed at the apex, the ovipositor 
sheaths slightly exserted. 

Sides of the propodeum with rather conspicuous white setae. 

Head finely reticulate except for the polished serobes. Fronto- 
vertex with setigerous punctures arranged in four parallel rows, two 
submedian rows and a row paralleling each orbit. Mesoscutum and 
axillae finely, transversely reticulate. Scutellum finely, closely punc- 
tate reticulate, the minute aeroles longitudinally arranged. The retic- 
ulations of the abdomen somewhat more conspicuous on the iridescent 
first tergite. 

Head dark metallic with reflections, mostly bluish green and vio- 
laceous. Scutellum in certain lights almost completely bluish green. 
Sides of propodeum, mesopleura, and first tergite strongly iridescent 
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metallic, the former and latter bluish green, the mesopleura bluish 
green blending with purplish. The remainder of the body shining 
black. Fifth and sixth funicle joints usually straw colored in con- 
trast to the first four joints which are usually blackish or suffused 
with brownish. Scape brown or straw colored more or less suffused 
with fuscous. Pedicel concolorous with the first four funicle joints. 
Club blackish. Legs mostly blackish. Middle femora with a pale, 
narrow annulus at base and the apices very slightly pale. Knees of 
hind legs either blackish or brownish. Knees of fore legs and the 
tibiae more or less suffused with brownish. Spur of middle tibia 
blackish. Tarsi white to straw colored, the apical joints faintly 
brownish. 

Length of average sized specimens 2.7 mm. 

Male — 

Frontovertex slightly wider than long (6:5). Ocelli in a slightly 
acute triangle, the posterior pair about one-half their own diameter 
from the orbits and occipital margin. Antennal sockets at about the 
center of the face and about their own length apart. Scape short, 
slightly expanded ventrally towards the apex. Pedicel about as long 
as wide. The six funicle joints about subequal, each provided with 
whorls of curved setae. Club solid and about as long as the preceding 
two joints. 

Marginal vein about as long as wide. Cilia of fore wings very fine 
and hyaline, except for ten or so stronger dark setae marking the edges 
of part of the speculum. 

Antennae brownish or straw colored, the pedicel darker than the 
remainder. Face and cheeks strongly bluish green and violaceous. 
Knees of all legs and the apical ends of the fore and middle tibiae 
brownish to straw colored. Tibial spur of middle legs straw colored. 
In other respects about like the female. 

Length, — 1.8 mm. 


BarCoanusia minor (Silvestri) 

Figure 3 

Bothriothorax minor Silvestri, Boll. Lab. Zool., Portici, 9:292-293, 2 figs. 

1914. 

Baeoanusia afrioana Girault, Can. Ent., 48(4) :114. 1916. 

Baeoanusia africana Girault was found to be a synonym when it 
was discovered that the Eritrean specimens determined as B, minor 
(Silvestri), were in agreement with specimens in the collection from 
Cape Colony. B, minor was supposed to be one of the parasites respon- 
sible for the scarcity of the black scale at Nefasit and the discovery 
of its hyperparasitic character was a disappointment. Prior to the 
Eritrean investigation this species was known to us only through 
museum specimens from Cape Town and its synonymy was not 
suspected. No specimens were ever reared by us in California from 
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black scale material shipped from South Africa. Rust reared the 
species in Africa and Froggatt and Qurney reared it in Sydney from 
black scale sent to Australia by Lounsbury as early as 1903. In the 
collection of the Department of Entomology, State of New South 
Wales, are some specimens, said by Mr. Gurney to be in his handwrit- 
ing, labeled: ‘‘Bred from Lecanium oleae, from South Africa, from 
Lounsbury, 23~IX-1903.’’ The specimens from which Girault pre- 
pared his description were probably reared many years ago when 
Lounsbury was collecting black scale for shipment. 

Basoanusia minor was not numerous in any of the samples of black 


scale collected in Eritrea. The first specimens, one male and four 
females, issued on May 20, 1930, from scales collected at Asmara and 
Ez^taclesan. These were confined in a large test tube and provided 
with unparasitized black scale. The female parasites showed an 
interest and occasionally one would exsert her ovipositor and cursorily 
touch a scale with it. The same test was repeated on a number of 
following days without inducing oviposition. On April 20, a twig of 
Ficti^ dekdekana infested with black scales, some of which were 
obviously parasitized was introduced into the vial. At this date the 
original colony of five specimens had been increased by the addition of 
others. Oviposition immediately took place, the females selecting 
parasitized scales. On dissecting the scales that were selects by the 
parasites for oviposition, eggs were always found in mature, primary 
larvae, presumably those of MetapKyous lounsburyi (Howard). Like 
its congener, this species is able to detect by the preliminary inspection 
made with the antennae, whether or not the scale is inhabited. Appar- 
ently it only oviposits when the primary larvae are about full grown. 
When ovipositing the parasite stands on the back of the scale and 
inserts the ovipositor perpendicularly. Sometimes the parasite spends 
several minutes in drilling a hole in the derm. Deep insertions and 
partial withdrawals of the ovipositor enable the 
parasite to locate the primary larva into which 
an egg is deposited. 

The newly laid egg has a short stalk. The 
bulbous part of the egg measures 0.25 mm. long 
by 0.1 mm. wide. An egg is shown in figure 3. 



This note, although meager, established the 
fact that this species is hyperparasitic and is to 
be guarded against. 


Fig. 3. Bc^oamsia 
mimr (Silvestri). 
Newly laid egg. 
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INTRODUCTION 

A species of Pseudococcus, collected in Eritrea, was determined by 
both H. Morrison and G. P. Ferris as eitri (Risso). Although the 
Eritrean form is indistinguishable taxonomically from California 
specimens of P. eitri (Risso), a difference exists and tw^o biological 
forms of mealybugs are involved under the same name. This is shown 
by the behavior of Leptomastix abyssinica n. sp., an effective parasite 
of the Eritrean race of P. eitri which failed to develop in the Cali- 
fornian race of P. eitri. The parasites freely oviposited in California 
mealybugs but the eggs were destroyed by phagocytosis. 

In the vicinity of Nefasit, Eritrea, small scattered colonies of the 
mealybugs determined as P. dtri, were collected on the fruit clusters 
of the wild olive, Olea ckrysopkylla, during March and April, 1930. 
As it was evident that the mealybugs were heavily parasitized and as 
I supposed the species to be P, eitri at the time, an attempt was made 
to obtain the parasites for introduction into California. In Cali- 
fornia, P. eitri is a pest of minor importance. It occasionally infests 
certain orchards in San Diego County and it was hoped to cbrrect 
this situation by the importation of the Eritrean parasites. 

1 Paper No. 241, University of California, Graduate School of Tropical Agri- 
culture and Citrus Experiment Station, Riverside, California. 
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The rarity of P. citri in Nefasit is directly attributed to parasitism. 
No si^s of previous heavy infestations were noted and the few small 
colonies under observation were destroyed by parasites before they 
had an opportunity to reach injurious numbers. During the latter 
part of May no live mealybugs could be found. Mummified bodies 
and cottony secretions adhering to the fruit clusters were evidence 
that the control was mainly due to the work of natural enemies. 

The main purpose of the work in Eritrea was to obtain the para- 
sites of Saissetia oJcae (Bern.) : the investigation of the mealybug 
parasites was a secondary project to which only spare time could be 
devoted. As a result, no time was available for life-history studies 
nor were the different species of parasites given individual treatment. 
All the mealybug-infested fruits were placed in a large battery jar. 
Evet*y few days the clusters of mealybug eggs were collected and 
placed on potato sprouts for the purpose of building up a supple- 
mentary supply of hosts for the parasites. Except for two species 
of CheiloneuruSy supposedly hyperparasitic, which were destroyed as 
fast as they appeared, no special care was given the various parasites 
which issued from the mealybugs in the battery jar. The mealybugs 
that had not been parasitized in the field before the collection was 
made, continued to develop on the olives while in the jar and these 
served as hosts for a second generation of parasites. By the time the 
adult parasites of the second generation commenced to issue, prac- 
tically all the mealybugs in the jar had been attacked. When the 
adults of the second generation issued there was an excess of parasites 
and a scarcity of hosts, so in order to maintain the stock it was neces- 
sary to destroy the great majority of adult parasites and add unpara- 
sitized mealybugs from the supplementary supply that had been 
separately propagated on potato sprouts. This method of propagat- 
ing the various parasites in one container was not entirely satisfactory 
for in the competition for hosts the “intrinsically inferior parasites 
were replaced and became relatively scarce, while the “intrinsically 
superior species became too numerous.^ 

In addition to the two undetermined species of CheUoneurus, 
which were destroyed as soon as they appeared, eight species of 
internal parasites issued from the mealybugs kept in the battery jar. 
In the following pages three of these species are described as new. 
The undetermined parasites included two species of Anagyrus, one 

2 For an explanation of the terms * * intrinsically inferior ^ * and ‘ * intrinsically 
superior consult Smith, H. S., Bull. Ent. Kes., 20(2) : 141-49 (Aug. 1929). 
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Pseudaphycus sp., one Leptomastidea sp., and representatives of one 
unrecognized genus of which no museum specimens were preserved. 
Leptomastix ahyssinica n. sp. se*emed to be the most efficient parasite 
present for in the jar they multiplied faster than did the other 
species. With each successive generation the ratio of L. ahyssinica 
n. sp. to that of the other parasites increased and as it was the most 
abundant of the species in the first generation the indications are that 
it is probably both ^intrinsically and extrinsically superior. The 
two undetermined species of Anagyrus ranked next to L. ahyssinica 
n. sp. in point of numbers. Neodiscodes martinii n. gen and n sp., 
Tropidaphrync africana n. gen. and n. sp., Psendaphycivs sp., and 
the individuals of the unrecognized genus were comparatively rare. 
It can be definitely stated that L. ahyssinica n. sp. is a primary para* 
site, as many hundreds were propagated generation after generation 
on unparasitized mealybugs after the loss of the other species. 

In the quarantine room at Riverside, in July and August, 1930, 
repeated efforts were made to propagate L. ahyssinica n. sp. on the 
mealybugs which are of economic importance in California. The 
parasites freely oviposited in Pseudococcus ciiri (Risso) of California 
origin, P. maritimus Ehrh., P. gahani Green, and Phaenococcus 
gossypi (Cockll.), but none of these hosts proved to be susceptible to 
parasitism by L. ahyssinica n. sp. 

The discovery of effective parasites of a form of PseudiKOccus 
citri in Eritrea will be of economic value if the particular biological 
race which these parasites attack is one injurious to commercial crops 
in other parts of the world. In the Mediterranean countries, P. citri 
ranks as a serious pest. Whether the Mediterranean race of P. citri 
is the same as the Eritrean or the Californian form is not known. 


Leptomastix ahyssinica n. sp. 

Figure 1 

General color black to dark brown with the face, venter of thorax 
and legs more or less straw colored. 

Female — 

Head, dorsal view, slightly more than twice as wide as long 
(17:7); frontovertex slightly wider than long, occupying less than 
one-half the width of head (7:17). Ocelli in an equilateral triangle, 
the posterior ocelli about one and one-half times their own diameter 
from the eye margins and about the same distance from the occipital 
margin. Head, frontal view, a trifle wider than high (17 :15). Eyes 
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lar^e, protuberant; strongly convergent toward the mouth. Orbits 
very slightly divergent anteriorly. Antennal sockets large, their base 
tangent to the basal ocular line. Scrobes short, less than the length 
of the sockets; a well elevated, strongly convex prominence between 
the sockets and scrobes. Cheeks very short with a faintly marked 
genal suture immediately beneath the eyes. 

Scape slender, as long as the pedicel and first funicle joint united. 
Pedicel about twice as long as wide. First funicle joint plainly the 
longest, more than four times as long as wide, the succeeding joints 
decrease in length so that the sixth is about twice as long as wide. 
Club about as long as the sixth and one-half of the fifth funicle joint 
united, not much thicker than the funicle. 



Pig. 1. Leptomastix dbyssimca n. sp. Female. 

Forewings hyaline. The speculum with a cut off basal portion. 
Cilia of disk fine and dense. 

Eyes slightly pilose. 

Axillae broadly meeting in a slight carina. 

Femora of middle legs only faintly setose in contrast to the tibiae. 
Dorsum of head, thorax, and abdomen finely but distinctly 
reticulated. 

Ventral part of scape yellow to light brownish. Frontovertex 
paralleling the orbits narrowly margined by yellow, straw colored. 
Face below the sockets, cheeks, mouthparts, and occiput beneath the 
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foramen light yellow. Ocelli scarlet. Ventral and lateral parts of 
the prothorax more or less extensively yellow, concolorous with the 
fore coxae. Apex of scutellum, tegulae, and metanotum more or less 
yellow to light brown. Legs yellow to brown and fuscous. Fore coxae 
yellow, middle and hind coxae more or less fuscous or dark brown. 
Femora and tibiae of fore and middle legs usually predominantly 
yellow, straw colored, those of hind legs apt to be predominately dark 
brown to fuscous with variable suffusions of yellow. All tarsi 
brownish, those of hind legs darker. Spur of middle tibiae brown. 

Length. — 2.4 mm. 

Male. — In color similar to the female except that the apex of the 
scutellum is dark and the head more extensively yellow, due to the 
different conformation. The males of this species are quite similar 
to the females. The usual sexual differences occur; antennae pro» 
vided with long curved setae, head thinner fronto-occipitally, the 
frontovertex wider, abdomen small. 

Length. — 1.7 mm. 

Described from twenty-five females and ten males (holotype, 
allotype, and paratypes) reared from a Pseudococcus taxonomically 
indistinguishable from citri (Risso) collected at Nefasit, Eritrea, 
March, April and May, 1930. 


TropidopluTne n. gen. 

Figure 2 Ord 

A large ectromatine genus easily recognized by the peculiar 
antennae with five foliaceous, transverse joints, and a solid heart- 
shaped club. The head is horizontal, face deeply excavated, and the 
frontal ledge carinated. 

Female — 

Head, dorsal view, horizontal, plainly wider than long (4:3). 
Vertex rounded. Eyes mostly dorsal. Frontovertex slightly convex 
from side to side, narrowest at the posterior ocelli, anteriorly widely 
expanding to form a projecting ledge arching above the sunken face. 
Ocelli in an equilateral triangle, the posterior pair about one-half 
their own diameter from the orbits and about twice their own diameter 
from the occipital margin ; anterior ocellus about twice its own diam- 
eter from the orbits. Head, frontal view, much wider than high. 
Face ‘deeply excavated meeting the frontovertex in a thin, projecting 
Carina. Scrobes not differentiated from the face. Head, lateral view, 
subtriangular ; facial line arcuate below the carina; inclined ventro- 
caudad. Occipital line straight, inclined strongly ventro-anteriorly. 
Dorsal line slightly convex. 

Mandibles plainly bidentate, the two teeth unequal as in figure 2 c. 

Maxillary palpi four-jointed. Labial palpi three-jointed. 
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Antennae inserted far apart and near the mouth, composed of 
scape, pedicel, five funicle joints, and solid club. Scape ventrally, 
widely, laminately expanded and flattened; dorsally folded outward 
and over with a descending expansion forming a recess into which the 
flagellum can be partly retracted. Pedicel large, obscurely triangular, 
the dorsal margin explanate, the inner face concave. Funicle joints 
very short, strongly foliaceous, successively increasing in width so 
that the fifth joint is twice as wide as the second; first and second 
joints not always distinctly separated as the first is small and fits 
closely. The entire flagellum is concave on the inner side. Club 
large, cordate, the outer side gently convex, the inner side concave 
on the basal half, the oblique, ai)ical margin slightly flattened. 

Thorax of moderate thickness, wdde from side to side. Mesoscutum 
about two and one-half times as wide as long. Axillae connate. 
Scutellum about one and one-half times as wide as long, slightly longer 
than the mesoscutum ; the apex angular ; the disk slightly convex ; the 
sides narrow and vertical. Metanotum partly concealed by the apex 
of the scutellum. Propodeiim short. Abdomen about as wide and 
about as long as the thorax. Ovipositor concealed. 

Legs moderately short and thick. Tibial spur a trifle shorter than 
the basi tarsus. 

Shape and proportions of the head, thorax, and abdomen as shown 
in figure 2 a. 

(Postal margin of the forewing notched at the termination of the 
submarginal vein. Marginal vein undeveloped. The stigmal and 
postmarginal veins form a II, the former slightly the longer and not 
enlarged at the apex. Marginal fringe short. Porewings generally 
infuscated as shown in figure 2 d. Costal cell of hind wing well 
developed. 

Dorsum of head and thorax punctate reticulate, the aeroles very 
small giving a shagreened appearance. 

Apex of the scutellum furnished with a few small black setae. 
The setae on the head and thorax appear very fine and inconsi)icuous 
in tag mounted specimens under low magnification. 

Male — U nknown. 

Genotype. — Tropidophryne africana n. sp. 


Tropidophryne africana n. sp. 

Figure 2 a-d 

Female — 

Collar of pronotum, mesoscutum, axillae, scutellum, and dorsum 
of the thorax blackish to dark brown. Head, sides, and under parts 
of the thorax and abdomen mostly, if not entirely, light brown or 
straw colored, gradually blending with the darker color of the dorsal 
parts. Antennae dark brown with some fuscous edgings and admix- 
tures of light brown, the latter more pronounced on the sides of the 
scape. Legs varying from light brown to dark brown but predom- 
inantly light colored. The sides of the head, dorsum of the abdomen, 
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and the darkened punctate areas of the thorax feebly metallic in 
certain lights. In subdued lights the specimens may appear iion- 
metallic. 

Setae of very small size, not as strong and conspicuous as is shown 
in the figure. The single tag mounted specimen from Eritrea does 
not show the stronger setae at the apex of the scutellum which are 
visible in the balsam mounted specimens from Natal. 

Length. — ^2.0 mm. 

Described from seven females (holotype and paratypes) reared as 
follows : six specimens from a Pseudococcus sp., reputed to be P. citri 
(Risso), collected at Durban, Natal, by E. W. Rust, March, April, 
July, 1926; one specimen from a Pseudococcus taxonomically indis- 
tinguishable from citri (Risso) infesting Olea chrysophylla collected 
at Nefasit, Eritrea, April 16, 1930. 


Neodiscodes n. gen. 

Figure 3 Or-e 

This genus has the facies of Discodes Forster, to which it appears 
most closely related although in many respects it is similar to 
Zarhopalus Ashmead. It is separated from Discodes by cephalic 
characters. In Discodes the face is not differentiated from the fronto- 
vertex by a change in curvature or sculpture, the head is thinner 
fronto-occipitally, and the antennae are quite different. Except for 
the club, which is three-jointed in Neodiscodes, the antenna of this 
species is like that of Zarhopalus. The wings and mandibles of the 
two latter genera are quite similar. Neodiscodes differs from Zar- 
hopalus by being more robust, the thorax is almost plane instead of 
moderately convex, the sculpture is coarser and more extensive, and 
the scobes are not so deeply impressed. Although this form is not 
greatly unlike Za/rhopalus, it appears more like Discodes when samples 
of the three genera are viewed side by side. 

Female — 

Head, mcnisiform, as wide or a trifle wider than the thorax. In 
normal position, viewed dorsally, the head appears thin fronto- 
occipitally, occiput strongly concave, vertex acute. If the head is 
oriented so as to view the entire frontovertex in a horizontal plane, 
it appears one and one-half times as wide as long and the frontovertex 
slightly more than one-fifth as wide as the head and three times as 
long as wide. Ocelli in an acute triangle. Frontovertex with con- 
spicuous, umbilicate puctures in combination with fine, aerolate reticu- 
lations. In profile, the facial line appears almost straight, strongly 
inclined ventro-caudad. Byes large, pubescent. The cheeks hardly 
half the diameter of the eyes. A genal suture defines the face and 
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cheeks; posterior to this suture the reticulations are striate or in the 
form of long, drawn out aeroles; anterior to the suture the sculpture 
on the face, is finely and closely punctate. Face short, the scrobes 
well defined but not deeply impressed nor polished, reaching upward 
to the umbilicate punctate area, slightly rounded above. 

Antennae, short, the scape expanded below. Pedicel large. All 
six funicle joints strongly transverse, much wider than long, pro- 
gressively increasing in size. Club large, three- jointed, longer than 
the funicle joints united. 

Mandibles tridentate, the median tooth the largest, the dorsal tooth 
small and set far back as shown in figure 3 b. Maxillary palpi four- 
jointed ; labial palpi three-jointed. 



Fig. 8. Neodisi'odos martinii n. gen., n. sp. Female: a, antenna; b, mandible; 
c, forewing; d, dorsal view without appendages; e, head, lateral view. 

Thorax short and robust. Mesoscutum short, twice as wide as 
long and shorter than the scutellum. Axillae separated, the sutures 
indistinct. Mesoscutum, axillae, and scutellum almost plane, the 
surface finely areolate reticulate with scattered, very shallow, weak 
thimble impressions which only appear in certain lights; uniformly 
clothed with fine, reclinate setae and the apical curvature of the 
scutellum on the sides i)rovided with several suberect setae not much 
stronger than those on the disk. Sides of propodeum, raesopleura, 
tegulae, and abdomen finely areolate reticulate. 

Abdomen, after shrinkage, a trifle shorter than the thorax, 
triangular. Ovipositor not exserted. 
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Porewings generally infuscated especially on the basal and central 
portions, paler toward the apex. Marginal vein about twice as long 
as wide. Postmarginal and stigmal veins well developed, subequal, 
the latter not enlarged at the apex as shown in figure 3 c. 

Genotype. — Neodiscodes martmi n. sp. 


Neodiscodes martinii n. sp. 

Figure 3 o-o 

Female— 

General color black metallic. Frontovertex, face, and cheeks with 
strong bluish refieetions. Antennae blackish. Dorsum of the thorax 
black, the sides and under parts more or less suffused with dark brown 
in parts. Abdomen black to dark brown, more refringent than the 
thorax. AH tarsi light brown, the apical joints fuscous. Middle 
femora on the distal third or so shading to dark brown, the remainder 
of the legs black. 

Length. — 1.6 mm. 

Described from three females (holotype and paratypes) reared 
from Pseudococcus citri (Ri,sso) infesting the wild olive. Oka chryso- 
phylla at Nefasit, Eritrea, April, 1930. 

Types to be deposited in the United States National Museum. 
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INTRODUCTION 

This paper was undertaken for the purpose of bringing before the 
walnut industry, quarantine officials, and entomologists information 
on the pests of the genus Juglans and especially Juglans regia Linn. 

At the present time the most serious insect pests of Juglans regia 
in California are Carpocapsa pomomlla (Linn.), the codling moth; 
Chromaphis juglandicola (Kalt.), European walnut aphis, and Bhago- 
letis suavis subsp. completa Cress., the walnut husk maggot. There are 
other walnut insect pests not yet found in California against which the 
walnut industry of California should be on its guard. Probably the 
most serious insect pests not yet introduced are Conotrachelus jug- 
landis Lee., the walnut curculio ; Acrohasis nehuUlla Riley, pecan leaf 
c>ase bearer; Argraplace leuoalreta Meyr., false codling moth; Acra- 
basis caryae Grote, walnut bud moth; and the other species of 
Bhagoletis which work on walnuts. 

In this paper the attempt has been made to enumerate systemati- 
cally all the species of insects and Arachnida which feed on any mem- 
ber of the genus Juglans, together with an indication of the type of 
injury caused. The species of Juglans attacked by the insect are 
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noted, accompanied by the name of the autlimr making the observation. 
The citation to the literature follows the author’s name ; the first two 
numbers are the final figures for the year in which the observation 
was published; the other number separated by a. hyphen, gives the 
page on which the observation is recorded. Whenever possible citar 
tions are made to Works giving the most complete account of life- 
history or control. 

The species have been arranged in phylogenetic order to family, 
but the genera and species have been arranged in alphabetical order 
as check lists of some of the groups were lacking. 

The geographical distribution for each insect is indicated. If the 
insect has been observed feeding on Juglans in Ventura County, 
California, by the author, or notes of its occurrence on Jugl>ans in 
Ventura County are on file at the insectary of the Saticoy Walnut 
Growers Association, Ventura County is then noted in the distribu- 
tion. The natural distribution of the members of the genus Jtcglams 
is indicated elsewhere in the paper. 

Reference to insects working on the genus Juglans are scattered 
throughout entomological literature and the author has undoubtedly 
overlooked many published notes. No reference is made to insects 
working on over one-half of the recognized species of J uglans. It will 
therefore be obvious that this paper should be looked upon as a 
preliminary and very incomplete report. 

I wisli to acknowledge my indebtedness to Messrs. August Busck, 
P. B. Cole, E. 0. Essig, D. Moulton, E. C. Van Dyke, and many other 
workers for their kindness in determining specimens. I am also 
indebted to S. E. Flanders, who formed a preliminary list of insects 
attacking the genus JugUms. 

The author desires to acknowledge particularly his indebtedness 
to Professor E. 0. Essig for many helpful suggestions and criticisms. 


A BRIEF HISTORY OP WALNUT CUIjTUBE 

The Persian or English walnut (Juglans regia Linn.) was intro- 
duced into western Europe by way of Greece. The tree was first 
cultivated in Italy with the dawn of the Christian era although prior 
to this time the nuts coming from Greece and the interior of Asia 
Minor were an article of commeirce in western marts. 

The term ‘Valnut” is a corruption of ^‘Gaul nut,” the name 
under which the product of the trees of Gaul, the ancient name of 
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France, was marketed. It was probably first used by the Germans to 
desig’nate the product as 'Hhe foreign nut.’^ 

Although the walnut was probably introduced into cultivation 
from Persia, it has been found growing in a state of nature in widely 
separated sections of the mountains of southwestern Asia. Evidences 
of a wider distribution of this tree, or a very closely related species, 
are afforded by the fossils of the Tertiary period, which according to 
M. de Saporta show that it formerly existed in southeastern France. 

The Persian or English walnut was first introduced into Califor- 
nia about 1769 in the mission gardens. Colonel J. J. Warner in 1843 
made the first planting outside the mission gardens. The industry 
received its start in 1867 when Joseph Sexton planted a grove near 
Santa Barbara from walnuts which were probably imported from 
Chile. Prom this planting near Santa Barbara were selected the 
commercial varieties grovni in southern California. 

In the central part of California the development of the walnut 
varieties has been independent of the southern part of the state. 
Trees and scions were imported into central California direct from 
Prance by Pelix Gillet, of Nevada City. 

California State Department of agriculture figures for bearing 
acreage in California are as follows: 1913 — 13,138 acres; 1928 — 
83,252 acres; 1931 — 104,000 acres (estimated). In 1929 there v^re 
approximately 125,000 acres of walnut trees of all ages within the 
state. 


NATURAL DISTRIBUTION OP THE MEMBERS OP THE 
GENUS JUGLANS LINN. 


Julians australis Griscb. 
haeoata Linn. ( ?) 
oalif arnica Wats. 
oincrea Linn. 


oordiformis Max. 
formosana Hayata 
granatensis Linden 
hiiidsii Jopson 
insularis 
jamaicensis D.G. 
major Heller 
mandshurioa Max. 


Argentina 
West Indies 

California, south coast region 
New Brunswick and Ontario to 
North Dakota southward to Dela- 
ware. In the Alleghanian region 
south to Georgia and northeastern 
Mississippi, Arkansas. 

J apan 

Formosa 

Colombia 

Central California 
Cuba, Jamaica 
Jamaica 

Western New Mexico 
Northern China 
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JugUms australis Griseb, — {Continued) 
mexwana Watson 
moUis Engelm. 
nigra Linn. 


pyriformis Liebm, 
regia Linn. 


rupestris Engelm. 

Juglans saohaXinenais Komatsu 
sieholdiana Max. 
stenoearpa Max. 


Mexico 

Mexico 

Massachusetts to southern Ontario, 
Minnesota, and eastern Kansas 
and southward to Florida and 
Texas. 

Mexico 

Greece eastward through Asia Mi- 
nor, Transcaucasia, northwestern 
Himalayan region, northern 
Burma 

Northern Mexico, Arizona, New 
Mexico, and the Bio Grande part 
of Texas 

Sakhalin 

Eastern shore of Asia 

Amur 


B. B. Copeland, of the Department of Botany, University of 
California, under date of April 21, 1930, writes, ‘‘There have also 
been published thirty-one species by Dode, Bull. Coc. Dendr. Prance, 
1909. Among these are probably a number of perfectly valid addi- 
tional species and others which botanists, less inclined to very fine 
splitting of species fail to distinguish.’’ 


Class ARACHNIDA 
Order ARANEAE 

TETRANYCHIDAE 

Bryohia praetiosa Koch California (Ventura Co.) 

Sap feeder on leaves 
J, regia, Flanders, S.E. 

Tetranyohus telarvus (Linn.) California (Ventura Co.) 

Puncture and drain sap from cells of 
leaves 

J, sp. Essig 26-29 


OEIBATIDAE 

OribeUa modestus Banks California (Ventura Co.) 

Under dead bark 
J, regia, Flanders, S.E. 


TYBOGLYPHIDAE 

Tyrogtyphus farvnae De Geer North America 

Feed on stored nuts 
J, regia, Flanders, S.E. 
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ERIOPHYIDAE 

Eriophyes oaulus Cook New York 

Sap feeders on leaves, form galls 
J, nigra, Leonard 28-1077 
Eriophyes tristriatus (Nalepa) Germany 

Sap feeders, form small galls on up- 
per surface of leaves 
J, sp. Essig 26-47 

Eriophyes tristriaus y&t. ei*meus (Nalepa) Argentina, California (V^entura Co.), 
Yellow or brownish erineum on upper Oregon 

surface of leaves 
J. regia. Essig 26-47 

Eriophyes (Phytoptus) vitis Europe, North America, Uruguay 

(Landois) 

Sap feeder 
J. sp. Girardi 22- 

Phyllooopies unguioulaius Nalepa Europe 

Sap feeder 

J. regicL. Sajo, Ohas., correspondent 


Class INSECTA 
ORTHOPTERA 

LOOUSTIDAE 

Sohistooeroa amerioana Drury Southwestern states 

Leaf feeder 
J. sp. Howard 94-224 

TETTIGONIIDAE 

Microcentirum rhomhifolium (Saussure) United States 

Eggs observed on twng, feeding not 
noted 

J. regia, AutJior 

GRYLLIDAE 

Oeoanthus niveus (DeG.) United States 

Wounds twigs with ovipositor in de- 
positing eggs 

J. cinereOf J. sp. Parrott and Pulton 
13-177 

ISOPTERA 

KALOTERMITIDAE 

KaZotermes huhhardi Banks Arizona, California (Ventura Co.), 

Honeycombs dead wood Lower California, New Mexico, 

J. sp. Banks and Snyder 20-137 Texas 

J. regia. Flanders, S.E. 
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KaXoiermes minor (Hagen) 
Honeycombs dead wood 
J, sp. Essig 26-117 
Termopsis anptisticoUis Hagen 
Honeycombs dead wood 
J. regia. Author. 


Arizona, California (Ventura Co.), 
New MexiC/O 

California (Ventura Co.), Nevada, 
Oregon 


TEBMITIDAE 

Leuootermes sp. United States 

Injuring young trees planted in newly 
cleared land by feeding on roots 
J, sp. Snyder 16-18 


THYSANOPTERA 

THEIPirtAE 


Franklmiella oooidentalis (Pergande) 
Feeds on catkins and between nuts. 
J, regia. Author 

Tleliothrips haemorrhoidalis (Bouch6) 
Injures flowers 

J, regia. Porter, C. E. 24-97 
Taemothrips inconseq'uem (Uzel) 

Injures flowers 
J, regia. Author 
J. sp. Moulton 07-54. 


Arizona, California (Ventura Co.) 
Cosmopolitan 

British Columbia, California, New 
York, Ontario, Oregon 


PHLOEOTHRIPIDAE 

Liothrips ocellatius Hood Illinois, Virginia 

Inhabits moss and galls 
J. nigra, Watson 23-54. 


HOMOPTERA 

CICADIDAB 

Tihicina septendeoim (Linn.) Eastern states 

Injures twigs in egg laying 
J, sp. Hoseinan 15- 


CERCOPIDAE 

Clastoptcra obtusa (Say) California, Colorado, New Mexico, 

Sap feeder, on fruit Texas, Ohio-Kansas, Quebec- 

J, nigra. Brooks, F. E., eori’espondent North Carolina 


MEMBBACIBAE 


Carynota mera (Say) 

Punctures twigs in egg laying 
J, Gvnerea, Felt 06-720 
Cereaa hubalus (Fabr.) 

Punctures twigs in egg laying 
J, cinereal Funkhouser 17-388 


Ohio, Ontario, New York, New 
Jersey, North Carolina, Quebec, 
Texas 

Canada, United States 
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Ceresa dieeros (Say) Eastern Canada, United States 

Punctures twigs in egg laying 
J. omerea, Funkhouser 17-388 
Cyrtalabus vm (Say) ^ United States 

Punctures twigs and buds 
J, omerea. Felt 06-717 

Enohenopa hinotata (Say) Canada, Florida, Massachusetts, 

Punctures buds Michigan, Mississippi, New York, 

J. omerea Pelt 06-594 Texas, West Virginia 

J, nigra. Brooks, F. E., correspondent 
Stiotooephcda inermis (Fabr.) United States 

Punctures twigs in egg laying 
J, cinerea, Funkhouser 17-388 
Telamona unioolor Fitch Eastern states 

Taken on foliage 

J, cinerea, J. sp. Funkhouser 17-263 

CTCADELLIDAE 

British Columbia, California, Oregon, 
Washington, Eastern states 

Eastern states, Oregon, Ontario, 
Tennessee 

Illinois, Ohio, Ontario, Maryland, 
Missouri, New York, New Jersey, 
North Carolina, Pennsylvania, 
Tennessee 

APHIDIDAE 

Aphis juglandma Walker 
Sap feeder 

J, regia, Wilson and Vickery 18-258 
Aphis juglandis Blanchard 
Sap feeder 

J, region Wilson and Vickery 18-258 
CaJUpterus jugiemdis Goeze 
Sap feeder 

J, regia, Wilson and Vickery 18-259 
CaJUpterus juglandis Frisch 

Sap feeder on upper surface of leaves. 

J, regia, Thompson 29-270 
J, sp. Theobald 24- 
Chromaphis juglandioola (Kaltenbach) 

Sap feeder on under surface of leaves 
J, regia, Davidson 14-3 
KurisaJeia juglandioola Takahashi 
Sap feeder 

J, sieholdiana, Takahaski 24- 
MgoroHphum pioridis Fab. 

Sap feeder 

J, regia, Wilson and Vickery 18-259 


Oregon, Europe, England 

California (Ventura Co.), Colorado, 
Oregon, Minnesota, Europe 

Japan 


Empoasca maJi (Le Baron) 
Sap feeder 

J. calif orrUca. Essig 15-63 
Gypona octolineata (Say) 

Sap feeder 
J, sp. Essig 26-210 
Oncopsis distinotus (Van D.) 
Sap feeder 

J, nigra, Britton 23-73 
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Monetlia oaUf arnica Emig 

Sap feeder on under surface of leaves 
J, caUfomiaa. EaeAg 26-233 
MonelUa oaryae (Monell) 

Sap feeder 

J. calif ormoa, Swain 19-30 
J, nigra, Essig 26-233 
MoneUia oaryeUa (Eitch) 

Sap feeder 

J, oaUfomica, Gill 17-33 
J, nigra, J, regia, Swain 19-30 
Mgms persioae (Sulzer) 

Sap feeder 
J, sp. Essig 26-253 
Schizoneura caryae Fitch 
Sap feeder 

J, nigra. Felt 06-717 


Southern California (Ventura Co.) 


California, Oregon, Illinois, Michi> 
gan, Mississippi, Nebraska 


California (Ventura Co.), Eastern 
states 


North America (Ventura Co.) 


New York 


COOCIDAE 


Aspidiotm aescvli solus Hunter 

Sap feeder 

J, nigra, MeGillivray 21-414 
Aspidiotus ancylus (Put.) 

Sap feeder 

J, nigra, Hollinger 23-9 
Aspidiotus cameUiae Sign. 

Sap feeder 

J. regia, Essig 26-313 
Aspidiotus forbesi Johnson 

Sap feeder 

J, nigra, Hollinger 23-11 
Aspidiotus juglandis Colv6e 

Sap feeder 

J, regia, Lindinger 12-187 
A,spidiotus juglam-regiae Comstock 

Sap feeder 

J, nigra^ Hollinger 23-12 

J, regia, Essig 26-315 
Aspidiotus latamae Sign. 

Sap feeder 

J, sp. Merrill and Chaffin 23-203 
Aspidiotus osbomi Newell and Ckll. 

Sap feeder 

J, sp. Merrill and Chaffin 23-205 
Aspidiotus pemicwsus Comstock 

Sap feeder 

J, regia, J. sp. Essig 26-315 
Aspidiotus ulmi Johns. 

Sap feeder 

J, cmereay J, nigra, Hollinger 23-17 
Aulacaspis pentagons (Targ.) 

Sap feeder 

J. sp* McGillvray 21-315 


Kansas 


Colorado, Mississippi, New Mexico, 
New York, Washington 

Arizona, California (Ventura Co.), 
Colorado, Florida, Missouri, New 
Mexico, Oregon, West Indies 
Eastern states west to Colorado and 
Northern Mexico 

Spain 

North America (Ventura Co.), 
Europe 

Southern states, Cuba, Europe 


California, Florida, Georgia, Iowa, 
Kansas, Lower California, New 
York 

Cosmopolitan (Ventura Co.) 
Missouri, New York 


New York, West Indies 



1932] 


Barrett: Pests of the Genus Juglans 


283 


(Mionaspis fwrfura (Fitch) 

Sap feeder 

J, omerea, J, niffra, HoUinger 23-23 
Chionaspis Untneri Comstock 
Sap feeder 

J, cinerea, Houser, J. S., corre- 
spondent 

Chionaspis ortholabis Comstock 
Sap feeder 

J, emerecu, Essig 26-310 
ChrysomphaXus aurantu (Maskell) 

Sap sucker on trunk, branches and 
twigs 

J, mtifomica. Author 
J. regia, Essig 26-318 
ChrysompJialus oorticosus Brain 
Sap feeder 

J. regia. Lounsbury, Ciias. P., cor- 
respondent 

Coc>ous pseudomagnoliarum (Kuwana) 
Sap feeder 

J, regia. Quayle, 17- 
Diaspis leperii (Sign.) 

Sap feeder 
J. sp. Green 18-239 
Biaspis pcntagona (Targ.) 

Sap sucker 

J. sp, Merrill and Chaffin 23-232 
Biaspis piricola (Del Ouerico) 

Sap sucker, produces depressions in 
limbs 

J. regia. Batchelor 29-i89 
I eery a purchasi Maskell 
Sap feeder on bark 
J. regia. Essig 26-269 
Lecanwm oanadense (Cockerell) 

Sap feeder 
J. sp. Essig 26-293 
Lecaniiim cerasorwm Cockerell 
Sap feeder 

J. regia. Essig 26-293 
Leoanium oookerelli Hunter 
Sap feeder 

sp. Felt 06-725 
Le<xmmm comi Bouchd 
Sap feeder on twigs 
J. sp. Merrill and Chaffin 23-261 
Leoanmm (Physohermes) oaryU (Linn.) 
Sap feeder 

J. nigra, J. regia. Lindinger 12-188 


Colorado, Eastern states, Idabo, New 
York, Utah, Canada, England 

California, Colorado, Ohio, New 
York 


California, Colorado, Massachusetts, 
Missouri, New Mexico, Nebraska, 
Ohio, Kansas 

Australia, Cuba, India, New Zea- 
land, South Africa, Southern 
Europe, Southern California 
(Ventura Co.), Southern states 

South Africa 


California, Japan 


Europe 


Cosmopolitan 


California (Ventura Co.), Arizona, 
Florida, Mississippi, New York, 
Australia 
United States 


California, Japan 


Kansas, Massachusetts, Nebraska, 
Ohio 

Europe, United States 


Europe 
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LecaMvm exoresoens Fferris 
Sap feeder on twigs 
J, regia, Essig 26-295 
Leoanivm juglandifex Fitch 
Sapsucker 

J, cinerea. Felt 06-720 
Leoanvum juglandia (Bouch^) 

Forms galls on twigs 
J, regia. Felt 06-719 
Lecanium pruinosttm Coquillett 

Sap feeder on twigs, fruit and leaves 
J, regia, Essig 26-296 
Lepidomphcs juglandis (Sign.) 

Sap feeder 

J, omerea, McGillivray 21-272 
Lepidosaphea mvltipora (Leonard!) 

Sap feeder 
J, sp. Green 18-239 
Lepidosapites uhm (Linn.) 

Sap feeder on twigs and branches 
J, regia, Lindingcr 12-187 
J. omerea^ Leonard 28-202 
J, regia, Esaig 26-306 
Fseudooooom gahami Green 

Sap feeder on twigs and nuts 
J, regia. Author 

Pseudococcus maritimus (Ehrliom) 

Sap feeder 

J, regia. Essig 26-283 
Pvlmmria hetvJiae (Linn.) 

Sap feeder 
J, sp. Green 18-239 
PulHriaria vitis (Linn.) 

Sap feeder 

J. nigra, Hollinger 23-59 
Rabiaiia sp. 

Sap feeder 
J, sp. Brain 19- 
Saissetia oleae (Bernard) 

Sap feeder on twigs 
J. regia, Essig 26-299 
Tourney eUa Uriodendri (Gmel.) 

Sap feeder 

J. sp. Merrill and Chaffin 23-273 


California 

New York 

Middle states, Nova Scotia, Canada, 
France, Germany 

Arizona, California (Ventura Oo.), 
New York 

France, Germany 

Australia, Canada, Japan, New Zea- 
land, United States, Europe 

California (Ventura Co.) 

California 

Europe, Mississippi, New York, 
United States 

South Africa 

Subtropical and tropical regions of 
world (Ventura Co.) 

East of Mississippi, Europe 


ALEYBODIDAE 

TfoUeurodes walderU (Britton) Connecticut 

Sap feeder 

J. omerea, J, nigra. Britton, W. E. 
correspondent 
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HEMIPTERA 


TINGIDAE 


Corythuoha arcuata (Say) 

Sap feeder on leaves 
J. omerea. Felt 06-720 
Corythuoha contracta Osborn and Drake 
Sap feeder 

J. cinerea, J, sp. Britton 23-701 
Corythuoha jufflandis (Fitch) 

Sap feeder 

J. cinerea Weiss and Dickerson 18- 
J, sp. Leo-nard 28-101 
Corythuoha parshleyi Gibson 
Sap feeder 

J, nigra, J. oinera, J, sihhaXdiana 
Weiss and Dickerson 18- 
Stephanitis (Tingis) pyri Fa.br. 

Sap feeder on leaves 
J, sp. Gantier, Bonnamour, and Chiff- 
lot 22- 


Alabama, Colorado, Illinois, Quebec, 
Texas 

Connecticut 


British Columbia, California, Con- 
necticut, Idaho, Illinois, Maine, 
New Jersey, New York, Oregon 

New Jersey 


Europe, Turkestan 


MIRIDAE 


Flagiognathua albatus (Van D.) 

Feeding at wound in fruit made by 
Conotraohelus juglandis Lee. 

J. omerea^ Brooks, F. E., correspon- 
dent 


California, District Columbia, New 
York, Pennsylvania, West Vir- 
ginia 


COLEOPTERA 

OETHOPEEIDAE 

Seriooderus quadratus Osy. California (Ventura Oo.) 

Adults taken commonly on decaying 
husks 

J, region Author 

ELATEBIDAE 

Ludius pyrrhos (Hbst.) Alabama, Connecticut, Indiana, 

Feeding in wound made in fruit by West Virginia 

Conotraohelus juglandis Lee, 

J, cinerea. Brooks, F. E., correspon- 
dent 

BUPRESTIDAE 

Agritus ohsoletoguttatus Oory Maine-Illinois, Indiana, West Vir- 

Adults frequently taken on foliage, ginia 

larvae; as yet not found feeding 
on walnut. 

J. emereOi J. nigra. Brooks, F. E., 
correspondent 
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Agr^3tu9 otiosus Say 

Borer in dead and dying twigs. 

J, cinereOi J, nigra. Blaekman and 
Stage 24-66 

AgrUus jugUmdis Knnll 
Borer 

J. omerea Knull 2-7 
Anthaxia aeneogaster Cast. 

Borer in email branches 
/, calif ornioa. Essig 26-399 
Chrgcohothris femorata (Oliv.) 

Borer 

cinerea, J, nigra. Brooks, F. B. 
19-5 

Chrysohothris mali Horn. 

Borer 

J, regia. Burke, H. E., correspondent 
Chrysohothrie sexsignata (Say) 

Borer 

y, nigra, J. cvnerea. Burke, H. E., 
correspondent 
Dioeroa homi Cr. 

Borer in trunk and large brandies of 
weakened trees 
J. regia, Essig 26-397 


Eastern Canada, New England- 
Kadsaa-Texas 


Pennsylvania 


California, Canada, Arizona, In- 
diana 

United States 


Southern California, Colorado, Ari- 
zona 

Arizona, Colorado, Eastern United 
States 


California (Ventura Co.) 


DBBMESTIDAE 


The larvae of an undetermined dermestid (Anthrenm f) feed commonly 
on shelled meats of J. regia. One larvae, 4 nun. long, has been "kept under 
observation in the laboratory at Saticoy for two years and although it 
feeds and moults normally it has not become an imago. — ^Author. 


OSTOMIDAB 


Tenehroides mauritamcus (Linn.) Cosmopolitan (Ventura Co.) 

Larvae feed on shelled walnuts 
J, regia, Essig 26-408 

NITIDULIDAE 


CarpophUuE dwnidiatus (Fab.) 
Larvae feeding on shelled nuts 
J. regia. Flanders, S. E. 
Colapterus truncatus (Rand.) 

Sap feeder at freshly cut stumps 
J. (yinerea. Felt 0^-491 
Cryptaroha ooncinna Melsh. 

Occurs at Sap 
J, omerea. Felt. 06-491 


Cosmopolitan (Ventura Co.) 


Canada, Florida, Indiana, Califor- 
nia, Texas, New York 

Indiana, Middle States, Kansas, 
Texas, Southern California 


CUCUJIDAE 


Brontes dnbius Fab. 

Beneath bark of dead trees 
J, omerea. Felt 06-490 
OrysraephUus surimaniensis (Linn.) 
Feeding on stored nuts 
J, regia, Autho>r 


lowar-New Jersey, Indiana, Louisi- 
ana, New York 

Cosmopolitan (Ventura Co.) 
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LATHBIDIIDAE 

Emcrrma orenatus Lee. California (Ventura Co.), Texas, 

lading on rotting husks Utah 

J, regia, Autlior 


ANOBIIDAE 


Anahmm rufipes Fabr. 

Borer 

J, sp. Kemner 16- 
Coetostethus quadndus (Lee.) 

Bred from dead wood 
J. regia. Author 
Hedohia granom Lee. 

Borer in dead twigs 
J, calif omicu. Essig 26-433 
J. regia. Author 
Oligomerus hrunn^ns 01 iv. 

Borer in dead wood 
J. sp. Bofill and Pichot 16- 
VrUletta hlaisdelU Fall 

Bred from small branches and twigs 
J. regia. Author 


Europe 

British Ooliimbia-California (Ven- 
tura Co.), Nevada 

California (Ventura Co.) 


Southern California (Ventura Co.) 


BOSTRICHIDAE 


Folyoaon oonfertus Lee. 

Borer in dead branches and twigs 
J. regia. Flanders, S. E. 

Folyoaon stouti (Lee.) 

Borer in weakened branches 
J. regia. Flanders, S. E. 
Xylohiops bcufiHare (Say) 

Borer 

J. sp. Blackman and Stage 24--82 


Lyctus hmnneus (Steph.) 

Borer in seasoned wood 
J. sp. Fisher 28- 
Lyetus linearis (Goeze) 

Mines cured wood 
J, sp. Essig 26-439 
Lyctus parallelopipedus (Melsh.) 
Borer in seasoned wood 
J, sp. Fisher 28- 
Lyotus plamcoUis Lee. 

Borer in dry wood 
J, regia. Author 
J, s». Fisher 28- 


California (Ventura Co.) 

California (Ventura Co.), Oregon, 
Lower California 

East of Rockies 

E 

Cosmopolitan 


Cosmopolitan 


England, eastern and southeastern 
United States 

England, United States (Ventura 
Co.) 
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SCABABAEIDAE 


Copris ndnutus (Drury) 

Adults feeding in husks following 
attack of Uhagoletia stuwis Loew 
J. mgra. Brooks, F. E., correspond- 
ent 

Cotmig niiida (Linn.) 

In bark? 

J, nigra. Felt 06-719 
Diohromma dimidiata (Burm.) 

Leaf feeder 
J. sp. Essig 26-446 
IHplotaxia papino Osy. 

Leaf feeder 
J. sp. Essig 26-441 
Euphoria fulgida (Fab.) 

Adults feeding at wounds in young 
fruit made by Conotraohelus jug- 
landis Lee. 

J, omerca^ Brooks, F. E., corre- 
spondent 

Euphoria mda (Linn.) 

Adults feeding at wound in bark 
J. nigra. Brooks, F. E., correspond- 
ent 

Macrodactylus suhspiiMsv^ (Fab.) 

Feed on foliage and young nuts 
J. dnerea, J. nigra. Brooks, F. E., 
correspondent 
Melolontha vulgaris Ldnn. 

Adults feed on foliage, larvae on 
roots 

J. regia. Sajo, dias., correspondent 
Paohystethus margvnata (Fab.) 

I^eaf feeder 

J. nigra. Brooks, F. E., correspond- 
ent 

PhyUophaga forhesi Glasgow 
Leaf feeder 
J. sp. Forbes 16-226 
PhyUophaga fratema> Harris 
Leaf feeder 

J. nigra. Forbes 16-228 
PhyUophaga fusca (Froelich) 
lieaf feeder 
J. sp. Forbes 16-223 
PhyUophaga hvrtUsvXa (Knocli) 

Leaf feeder 

J. nigra. Forbes 16-219 
PhyUophaga Uiois (Knock) 

Leaf feeder 

J. nigra. Forbes 16-230 


Oanadar-Florida, Indiana, Texas 


Oonnecticut-Virginia, Floridaj In- 
diana, Louisiana 

Arizona, southern California 


Arizona, New Mexico 

Cbnnecticut-Michigan-Indiana, West 
Virginia 


Arizona, Connecticut, Florida, In- 
diana, Nebraska, West Virginia 


Atlantic States, Colorado, Indiana, 
Virginia, West Virginia 

Europe 


Florida, Indiana, Missouri, New 
Mexico, West Virginia 


Southern Illinois 


Indiana., Maine-Iowa, North Caro- 
lina, Florida 

Indiana, Hudson Bay territory, 
Georgiar-Oalifomia, Newfound- 
land 

Indiana, Atlantic States, Texas 

Indiana, New York, Georgia, Illi- 
nois, Connecticut 
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ThyUopha^a pearliae Davis 
Leaf feeder 
tT. sp. Davis 20-332 
PhytaMis pallidus Horn 
Leaf feeder 
J, sp. Essig 26-442 
PhmotvMi Uoontei (Horn) 
Leaf feeder 
J, sp. Essig 26-445 
Serioa attemata Leo. 

Leaf feeder 
J, regia. Author 
Thyoe fossiger C?sy. 

Leaf feeder 
J. regia. Author 
Thyoe pistoria Csy. 

Leaf feeder 
J. regia. Author 


Tennessee, Indiana, Kentucky 

/ 

Arizona 

Arizona, New Mexico 

Southern California (Ventura Co.) 

Southern California 

Southern California (Ventura Co.) 

LITOANIDAE 


Dorous parallelipipedus (Linn.) Europe 

* * Obtained from broken and decaying 
stems of walnuts'^ 

J. sp. MacDougall 16- 


CERMANBYCIDAE 


ArhopaXus fuhnmans (Fab.) 

Borer 

J. einerea. Blatchley 10-1035 
Astylopsis macula (Say) 

Twig borer 

J. cinerea, J. nigra. Blatchley 10- 
1072 

J. regia. Felt 06-482 
Braohyleptura vagane (Oliv.) 

Borer 

J. dnerea. Felt 06-440 
Centradera deoolorata (Harris) 

Borer 

J. dnerea. Felt 06-456 
Cerambyx oerdo Linn. 

Borer 

J. sp. Pierce 17-220 
Ceramhyx heros Scop. 

Borer in trunk around pruning 
wounds 

J. sp. Anonymous 22-28 
Cytlene rohimae (Forst.) 

Borer 

J. dnerea, J. nigra. Felt 06-264 
Crytophorus vemufosus (Oliv.) 

Borer 

J. sp. Blackman and Stage 24-107 


Comiocticut-Indiana 

Canada, Indiana, New York, Vir- 
ginia, Wisconsin 


Canada-Georgia, Northeast States 

Canada, Indiana, Massachusetts, 
Michigan, New Jersey, New York, 
Pennsylvania 
Europe 

Cyprus 


Oanada, Connecticut, Indiana, 
United States 

Canada, Eastern States west to In 
diana and Michigan 
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Verohraohus hrmtneua (Forst) 

Borer in decaying wood 
J, sp. Felt 06-487 
Eupogonim vesUtus (Say) 

Borer 

sp. Felt 06-715 
Gantrotes cyanipennis (Say) 

Borer 

J. ^aZha. Felt 06-454 
J, einerea, Champlain, Kirk, Knull 
25-107 

Goes tigrinus (De.G.) 

Borer in solid wood 
J, sp. Felt 05-268 
Eetoemis dnerea (Oliv.) 

Borer in small limbs 
J. sp. Blackman and Stage 24-113 
Hypermallus viUosus (Fab.) 

^res in twigs 

J. nigrat J, regia. Blackman and 
Stage 24-90 

Hyperplatys aspersa (Say) 

Borer 

J. omerea. Blackman and Stage 24- 
119 

Hyperplatys calif omica Csy. 

Bred from stumps, branches and 
twigs of dead trees 
J. regia. Flanders, S. E. 

JpocHms fasdaius Lee. 

Borer in small twigs 
J. regia. Author 
lAopus ne'butosus Linn. 

Larvae bore in trunk 
J. regia. Sajo, Ohas., correspondent 
Leptv/rges querd Fitch 
Borer in small branches 
J. dnerea. Blackman and Stage 24- 
118 

Mesosa cwroulionides Linn. 

Larvae bore in trunk 
J. regia. Sajo, Chas., correspondent 
.Molorohus himiaculatus Say 
Borer in small branches 
J, sp. Blackman and Stage 24-97 
Needy tus aovminatus (Fab.) 

Borer 

J. nigra. Webb 10-354 
Oherea Imearis Linn. 

Bores in pith of nursery stock 
J. sp. Pierce 17-220 


Connecticut, Indiana, northeast 
America 

Canadar-Alabama, Florida, Indiana, 
Texas 

Oanada-eaetem North America, 
Indiana 


Canada-Florida, Indiana, New York 

Alabama, Connecticut, Illinois, In- 
diana, Louisiana, New Jersey, 
New York, Ohio 

Atlantic states-Texas, Connecticut, 
Indiana 

Oanada-Wisconsin-Florida, Con- 
necticut, Indiana, New York 

California (Ventura Co.) 


Southern California (Ventura Co.) 

Europe (Austria) 

Canada, Indiana, Michigan, New 
York, Ohio, Pennsylvania, Wis- 
consin 

Europe (Germany) 

Atlantic States, Indiana, Connecti- 
cut 

Canada, Florida, Indiana, Nebras- 
ka, United States 

Europe 


* Not listed as one of the recognized species of Jfuglane. 
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OnMeres cmffuJatus (Say) 

Adults sever small branches, larvae 
bore in severed branches 
J. sp. Gill 17-43 
Ophistomis delioata (Lee.) 

Borer in dead branches 
J. repia. Author 
Parandra hrunnea (Fab.) 

Borer 

J, nigra. Brooks 15-2 
PJiymatades j'tiglandis Leng 
Borer in sapwood 
J. ealifomioa. Essig 26-456 
Priomts calif amicus Mots. 

Borer in dead roots 
J. regia, Essig 26-449 
J, ealifomioa. Flanders, S. E. 
Pseudibidion unicolor (Rand.) 

Prunes small branches 
J. nigra. Ohamplain, Kirk, Knull 
25-106 

Jtomaleum atoniarmm (Drury) 

Under bark of stumps 
J, sp. Felt 06-434 
Saperda discoidea Fab. 

Borer 

J. cincrea, J. regia, Blackman and 
Stage 24^121 
Saperda scalaris (Linn.) 

Borer in trunk 

J, regia. Sajo, C., correspondent 
SynapJioeta guexi (Lee.) 

Larvae bore in heartwood of dead 
and injured trees. 

J. calif omica, J. regia. Essig 15-253 
Tessaropa tenuipes (Hald.) 

Borer 

J. sp. Felt 06-715 
Tylonotus himaculatus Hald. 

Borer 

J. nigra. Felt 06-726 
Xylotrechw oolonus (Fab.) 

Borer 

J. sp. Blackman and Stage 24-100 
Xylotredhus nauticus (Mann.) 

Borer in large limbs and trunks of 
dying and dead trees 
J. regia. Essig 26-457 


Eastern States, Central States, and 
Southern States 


California (Ventura Co.), Nevada 
Connecticut, Indiana 

Southern California 


California (Ventura Co.), Oregon 


Oanadar-Plorida, Indiana, northern 
states 


Connecticut, Florida, Indiana, Mid- 
dle and Southern States 

Connecticut, Indiana., Michigan- 
Louisiana, New York 


Europe 


Southern California, Vancouver 


New Jersey, New York, Pennsyl- 
vania 

India., North America., New York, 
Pennsylvaaiia 

Oanada-Georgia, Florida, Indiana 


Montana-Southern California (Yen 
tura Co.) 
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OHBYSOMELIDAE 


Bassareus mamnifer (Newn.) 

Leaf feeder 
J, regia. Pelt 06-719 
Chaetaonema oonfinis Or. 

At times abundant on foliage; feed< 
ing not observed 
J, regia. Author 
Diabratica soror Lee. 

Leaf feeder 

J. regia. Flanders, S, E. 

Gastrolma thoraaica Baly 
Leaf feeder 

J. sieholdiana, Yuasa 27- 
Leperodes thoracious Melsh. 

Leaf feeder 

J. omerea. Guyton 27- 
Metachroma luridvm (Oliv.) 

Leaf feeder 

J. sieholdiana. Harvey 95-430 
Paria oanella (Fab.) 

Leaf feeder 

J. dnerea. Felt 06-537 


Connecticut, Indiana, middle and 
western states 

California (Ventura Co.), Connecti- 
cutr-Florida, Indiana 


Arizona, California (Ventura Co.) 
Oregon 

Japan 


Pennsylvania 


Georgia, South Carolina 

Canada, Arizona, Indiana, Southern 
California 


CUECULIONIDAE 


Aloides porrectirostris Marshall 
Breeds in nuts 
J. regia. Pierce 17-220 
Anthonomus profundus Lee. 

Leaf feeder 
J. regia. Felt 06-719 
Attelahus analis 111. 

Leaf-roller 

J, nigra^ Felt 06-720 
Attelahus hipustulatus Fab. 

Beaten from leaves 
J. sp. Blatchley and Leng 16-63 
Cedandra oryzae (Linn.) 

C. P. Lounsbury writes, have the 
impression Calandra oryzae has 
been reared from walnuts as it 
has from acorns but written rec- 
ord is lacking.'' 

J. regia. Lounsbury, C. P., corre- 
spondent 

Conotrachelus anagVypticus (Say) 
Oviposit in fruit! 

J. sp. Felt 06-544 
Conotraehelus juglandis Lee. 

Larvae tunnel in green shoo'ts and 
fruit : adults feed at base of 
leaves 


India 


Illinois, Maryland, New York, Penn- 
sylvania, Quebec 

Canada, Florida, Texas 

Ontario-MassachusettsT-Wisco-nsin, 
south to Mississippi, Florida, 
and Texas 

Alaska, Europe, South Africa, 
United States 


Florida, Iowa, New England, Penn- 
sylvania 

Quebec-Georgia-Hlinois 
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J. ovnerea, J. cordifonms, J, mcmdr 
shurioa, J, ni^a, J, regia, J, sie- 
holdiana 

Britton and Kirk 12-247 
CoTiotraohehis retinus (Say) 

Peed on fruit 

J. dJnerea, J. nigra. Brooks 22- 
Cossonus impressifrons Boh. 

Under dead bark 

J. ovnerea, Blackman and Stage 24- 
133 

Cossonus plataJea Say 

Under dead bark: bred from J, ome- 
rea wood. 

J, oinerea. Pelt 06-455 
J, nigra, Blatchley and Leng 16-530 
Cryptorhynohus parochus (Hbst.) 

Larvae mine inner bark and sapwood 
of weakened and dead trees 
J, oinerea. Felt 06-494 
Eugnamptus angustaius Hbst. 

Leaf feeder 

J, oinerea. Felt 06-720 
Eugnamptus oollaris (Fab.) 

Leaf feeder 

J, oinerea. Pelt 06-716 
J, oinerea, J, sp. Blatchley and Leng 
16-56 

Magdolis oarbonaria Linn. 

Borer in trunk 
J, sp. Pierce 17-220 
Magdalis inoonspicua Horn 
Borer 

J, nigra. Felt 06-719 
MagdaXis pandura Say 

Bred from dead and dying trees 
J. nijgra, Blatchley and Leng 16-260 
Magdolis saliois Horn 
Borer 

J, oinerea. Felt 06-720 
Pantomorm godmani (Crotch) 

Leaf feeder 
J, regia. Author 
Peritelus griseus Oliv. 

Injuring shoots and young branches 
J, regia, Gomilevsky 15- 
PhXoeophagus oalifomious Van D. 

Larvae and adults bore in dead limbs 
J. regia. Author 
Ehynoolus angularis Lee. 

Larvae and adults bore in dead limbs 
J, regiot. Author 


Florida, Kansas, Pennsylvania 
Canadar-Georgiar-Arizona, Florida 


Canada/-V irginia^Io wa 


Canada, Florida, Iowa 


Oanada-Texas 


Florida, Kansas, Massachusetts 


Europe 

Canada, Pennsylvania, Texas, West 
Virginia 

Ontario-Massachusetts-W iseonsin 
south to Missouri and Georgia 

Indiana, Massachusetts, Maine 

California (Ventura Co.), Massa* 
chusetts, Montana, New Jersey, 
Europe, Hawaiian Islands 

Germany, Hungary 


Southern California (Ventura Co.) 


Southern California (Ventura Co.) 
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Stenomimus paUidus Boh. . lUiaois, Indiana^ Ohio, Pennsylvania 

Larvae and adults under bark 
/. nigra, Blatehley and Leng 16-635 
Siemscelia brevis (Boh.) Canada, Florida, Kansas 

Bore in dead wood 
J, oimrea. Pelt 06-494 


SCOLYTIDAE 


Chramesus hieoriae Lee. 

Bred from twigs 

J, sp. Blaekman and Btage 24-143 
Cryphdtus scopiger Berger 
Borer in dying branches 
J, mandshurioa, Berger 17- 
Dryocoetes gramcoUis Lee. 

Borer 

J. omerea, Blatchley and Leng 16- 
611 

Hypothenemus juglandis Blaekm. 

Borer in inner bark and wood of dead 
and decaying sprouts from stump 
J, nigra. Blackman 22-88 
Miorcuns hirteUus Lee. 

Borer 

J, regia. Author 
Mioraeis suturalis Lee. 

Borer 

J, nigra. Pelt 06-715 
Sooty tus geoffrayi Goeze 

Insect not seen, identified only by 
work in dead tree 
J. sp. Schulze ?-59 
Sooiytus qvadrispinosus Say 

Borer in larval and adult stages 
J, omerea^ J, nigra, Blackman and 
Stage 24-135 

Stephanoderes sp. (near georgiae) 

Associated with Hypothenerms jug- 
landis Blaekm. 

J, nigra, Blackman 22-95 
Xylehorus fusoatus Eich. 

Borer 

J, oinerea, Blatchley and Leng 16- 
622 

J, sp. Blackman 22-622 
Xylehorus plamoolUs Zimm. 

Borer in wine and vinegar casks made 
of walnut wood 

J, sp. Blatchley and Leng 16-618 
Xylehorus puhesoens Zimm. 

Borer 

J, ernerea. Pelt 06-702 


Eastern Canada, eastern United 
States 

Ussuria 


District of Columbia, New Jersey, 
Pennsylvania, West Virginia 


Mississippi 


California (Ventura Co.) 


Louisiana, Kansas, Massachusetts, 
Michigan, New York, Virginia 


Southeastern Canada, Vermont- 
Utah, Georgia 


Mississippi 


District of Columbia, Florida, In- 
diana, Mississippi, North Caro- 
lina, New Jersey, Texas 

District of Columbia, Maryland, 
Pennsylvania, Colombia, Guate- 
mala 

Alabama, Florida, Virginia 
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DIPTERA 

MTCETOPHILIDAE 

Leia hwittata Say New York, West Virginia 

Beared from nut injured by Conotror 
ehelus retinus (Say) 

J, nigrcu Brooks, F. E., correspondent 

SGATOPSIDAE 

Rheffmodema atrata Say California (Ventura Co.)) New 

Beared in abundance from nuts of J, York, West Virginia 

nigra injured by Conotraohelus 
retmus (Say)- Commonly reared 
from blighted husks of J. regia 
J, nigra. Brooks, P. E., correspondent 
J. regia. Author 


MXJSCIDAE 


Musoina stahulans (Fallen) 

Beared from decaying walnut husks. 
J. regia. Author 
Stomoxys oaZoitram (Linn.) 

Beared from decaying nuts 
J. regia. Author 


United States (Ventura Co., Cali- 
fornia) 

Europe, United States (Ventura 
Co., California) 


ANTHBOMYIIDAE 

Fannia oanicularis (Linn.) Cosmopolitan 

Beared from decaying husks 
J. regia. Author 

Helina prooedens Walk. California (Ventura Co.), New 

Larvae found in bleeding wounds York 

J. regia. Flanders, S. E, 


LONCHAEIDAE 

Lonohaea ocoidentalis Mall. California (Ventura Co.) 

Bred from the husks of blighted nuts 
J. regia. Author 

Lonohaea polita Say California (Ventura Co.) 

Under moist dead bark on limbs 
scorched by fire also under bark 
killed by Melaxuma 
J. regia. Flanders, S. E. 


OBTALIDAE 

Ruxesia putricola Cole Western states 

Bred from husks of blighted nuts 
regia. Author 

Euxesta n. sp. Cole California (Ventura Co.) 

Bred from husks of blighted nuts 
J. regia. Author. 
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TBYPETIDAE 


Doom (Chaetadacus) trponi var. juffla/nr 
dis Frog^tt 
From waJnut 
J, sp. Tryon 27- 
Rhagoletis hoycei Oress. 

Larvae feed on green husks 
J, regid, Boyce 30-263 
Bhagoletis juglandis Oress. 

Larvae feed on green husks and ker- 
nels 

J. regia, J. rupestris. Brooks 21-1 
Bhagoletis sua^is Loew 

Larvae feed on green husks 
J. dnerea, J. nigra, J. regia, J, sie~ 
holdiana. Brooks 21-3 
Bhagoletis suavis sub-species oompleta 
Oress. 

Larvae feed on green husks 
J, (xiUfornica, J. hmdsii, J, regia, 
Boyce 30-250 


Queensland 


Arizona 


Arizona, Texas 


Middle states, North Atlantic 
states 


Southern California, Texas 


OHLOBOPIDAE 

Madisa nueis Perris Europe 

Larvae in nuts injured by codling 
moth 

J, regia, Howard 87-93 


BBOSOPHILIDAE 


Ihosophila cmoena Loew 
Reared from green nut 
J, nigra. Brooks, F. E., correspondent 
Drosophila huscki Ooq. 

Larvae feeding in husks injured by 
Bhagoletis suavis 

J, regia^ Brooks, F. E., correspondent 
Drosophila hydei Sturt. 

Bred from husks of blighted nuts 
J, regia. Author 
Drosophila melamogaster Meig. 

Bred from husks of blighted nuts 
J, regia. Author 
Drosophila quimaria Loew 
Bred from decaying nuts 
J, nigra, J, regia. Brooks, F. E., cor- 
respondent 


West Virginia 

New York, Pennsylvania 

California (Ventura Co,), New 
York 

Cosmopolitan 

New York, Pennsylvania, West Vir- 
ginia 
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LEPIDOPTERA 

LYCAENIDAE 

Theola oaXanus Ilbn. Atlantic states, Quebec-Oolorada, 

Leaf feeder Texas 

J. oinerea, J, nigra. Felt 06-704 

SPHINGIDAE 

Cresaonia juglandia Abb. & Sm. Atlantic States, Mississippi Valley 

Leaf feeder 

J. ciaierea^ Lutz 21-495 
J. nigra. Felt 06-720 

Oxyambulyx aerioeipennia Butl. India 

Leaf feeder 
J. sp. Fletcher 19- 

CEBATOCAMPIDAE 

BaaUona imperialis Drury Atlantic States 

I^eaf feeder 

J. oinerea. Comstock 20-717 

Citheronia regalia Fabr. New York, Virginia 

Leaf feeder 

J. oinerea, J. nigra. Felt 05-305 

SATUBNIIDAE 

Bietyoploea japoniea Butl. Japan 

Leaf feeder 

J. sieholdvana. Yuasa, Hacluro, cor- 
respondent 

Satumia pyri Schiff. Europe 

Leaf feeder 

J regia. Sajo, Ohas., corresi)ondent 
Telea polypJiemua (Cramer) United States 

Leaf feeder 

J. oinerea. Comstock 20-722 
J. nigra. Felt 06-526 

Tropoea luna Linn. Atlantic States, Mississippi Valley 

Leaf feeder 
J. sp. Felt 06-526 

AECTIIDAE 

Aretia oaia Linn. Northern palaearctic region 

Ijeaf feeder 

J. regia. Sajo, Chas., correspondent 
DiaorisicL virginica (Fabr.) United States 

Leaf feeder 

J. oinerea. Felt 06-720 

HaUsidata oaryae (Harris) Atlantic states-Minnesota-Missouri- 

Leaf feeder Saskatchewan, North Carolina 

J. oinerea^ Felt 05-314 
J. nigra, J. regia, J. aieholdiana. 

Isely 18-5 
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Hyphantria ounea (Drury) 

Loaf feeder 

J. CdUfomiccu Lssig; E. O., corre- 
spondent 

J, region Essig 26-677 


Southern Atlantic States, Arizona, 
British Columbia, California, 
Colorado, Idaho, Washington 


NOCTUIDAE 


AUotria elonympha Hbn. 

Leaf feeder 
J. Nigra, Felt 06-720 
Apatela impteta Walk. 

Leaf feeder 
J, nigra. Felt 06-749 
Bomotoolva niadefaotaXis Guen. 

Leaf feeder 
J. nigra. Felt 06-720 
Catooala oaXifoiviioa Edw. 

Leaf feeder 
J, regia. Author 
Catocdla Imhilis Grote 
lioaf feeder 
J. nigra. Felt 06-716 
CataeaXa innnbens Guen. 

Leaf feeder 
J. nigra. Felt 06-729 
CatooaXa lacrymosa Guen. 

Loaf feeder 
J. regia. Felt 06-705 
Catacala neagama Sm. & Abb. 

Leaf feeder 
J. regia. Felt 06-719 
Catacala palaeogama Guen. 

Leaf feeder 
J. nigra. Felt 06-716 
Catooala piatrix Grote 
Leaf feeder 
J. regia. Felt 06-719 
Catooala svbnata Grote 
Leaf feeder 
J. nigra. Felt 06-720 
Catomla vidua Abb. & Sm. 

Leaf feeder 
J. nigra. Felt 06-705 
Colooasia propinquUinea Grote 
Leaf feeder 
J. regia. Felt 06-749 
Monodes vereiocolor Grote 
Leaf feeder 
J. nigra* Felt 06-754 
Pyrophila pyramidoides Guen. 

Leaf feeder 

J. regia. Sajo, Chas., correspondent 


Atlantic States, New York 

New York 

Atlantic States, Florida, New York 
California (Ventura Co.) 

Atlantic States, New York 

Atlantic States 

Atlantic States 

Atlantic States 

Atlantic States 

Atlantic States 

Atlantic States 

Atlantic States 

Atlantic States 

Atlantic States 

Atlantic States, Colorado, Europe 
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Datana iniegerrvma Or. & Bb. 

Leaf feeder 

J» oinerea, J. nigra, J, regia. Felt 
05-303-5 

Datana ministra (Drury) 

Leaf feeder 
J. sp. Essig 26-691 
Hemerooampa leuoostigma (Abb. & Sm.) 
Leaf feeder 

J. cinerea, J. nigra. Felt 05-132 
Hemerooampa vetusta (Bdv.) 

Leaf feeder 

J, oaZifomiea, Author 
J, regia, Essig 26-692 
Ueterocampa guttivitta Walk. 

Leaf feeder 

J. sp. Hitchings 10-146 
Heterooampa manteo Dbldy. 

Leaf feeder 
J, regia-. Felt 06-705 
Heterooampa umhrata Walk. 

I. *eaf feeder 

J, nigra. Felt 06-705 
Sohizura coneinna (Abb. &> Sm.) 

Leaf feeder 

J. cinerea. Houser, J. S., correspond- 
ent 

J, regia, Essig 26-691 
Sohizura Uptirwides (Jrote 
Ixjaf feeder 
J. nigra. Felt 06-716 
Stauropus fagi Linn, 
feeder 

J. regia, Sajo, diaa., correspondent 


Atlantic States, California, Kansas, 
Kentucky 


British Columbia, United States 
(Ventura Co.) 

Eastern States-Colorado, British 
Columbia 

British Columbia, Pacific States 
(Ventura Co.) 


Massachusetts, Maine, New York, 
New Hampshire, Rhode Island, 
Illinois 

Atlantic States 


Atlantic States 


United States 


Atlantic States 


Europe 


LASIOCAMPIDAE 

Malaooeoma disstria Hbn. United States 

Loaf feeder 

J, nigra, J, regia. Felt 05-106-15 


GEOMETRIDAE 


AlsophQa pometaria (Harris) 

Leaf feeder 

J, cinerea, J, nigra. Porter and Al- 
den 24-5-6 

Coniodes plumogeraria (Hulst) 

Leaf feeder 

J, regia, Essig 26-700 


California, Colorado, New Mexico, 
Northeastern states, eastern 
Canada 

« 

British Columbia, California (Ven- 
tura Co.), Colorado, Oregon, 
Washington 
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JSnnamos mhHgnarvus Hubn. 

Leaf feeder 

J. reffia, Flanders, S. E. 
Nemorui histriaria Hbn. 

Leaf feeder 
J. mffr<L Felt 06-720 
FaXeaorita vemata (Peck) 

Leaf feeder 

J. nigra. Porter and Alden 24-5 
Sabulodes carherata Guen^e 
Leaf feeder 
J. sp, Eseig 26-701 
SabtUodes forficularia Guen6e 
Leaf feeder 

J. regia. Essig 26-703 


Atlantic States, California (Ven- 
tura Co.) 

Atlantic States 

Northeastern America, California, 
New Mexico, Utah 

California 

California (Ventura Co.) 


PYRALIDAE 


Acrobasis oaryae Grote 

Larvae feed on buds, leaves and 
stems; also boro in stems 
J. omereOf J. nigra, J. regia. Kirk 
12-254 

Aorohcufis demat eUa Grote 
Twig borer 
J. nigra. Felt 06-719 
Aorohasis nebulella Riley 

Bores in buds, feeds on leaves 
J. sieholdia/na, J. sp. Gill 17—4 
Aphomia gularia ZeU. 

Bred from walnuts in storage 
J. sp. Laiug 22-191 
FpMstia eluteUa (Hbn.) 

Larvae feed on stored nuts 
J. regia. Essig 26-711 
Ephestia kuehnieUa Zeller 

Larvae feed on shelled walnuts 
J. regia. Author 
En&opliera aeglaeeUa Ragonot 
Mines cambium 

‘‘Native black walnut of region'^ J, 

mpestris? Essig 26-710 

Mineola juglandis LeB. 

Leaf feeder 

J. regia. Felt 06-719 

Myetois oeratoniae Zell. 

Reared from stored nuts 

J. regia. Lounsbury, E. P., Corre- 
ia 

spondent 

Plodia mterpijmcteUa (BObn.) 

Larvae feed on stored nuts 
J. regia. Author 


Illinois, Massachusetts, Maryland, 
New York, Texas 


Ontario-New York 


Atlantic States, District of Colum- 
bia, Florida, Missouri, Texas, 
Prance 

China, England, India, United 
States 

Asia, Europe, Pacific islands. 
North America 

Cosmopolitan (Ventura Co.) 


Arizona, Mexico, Utah 


Atlantic states 


South Africa 


Cosmopolitan (Ventura Co.) 
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Argyroplace Unootrcta Meyr. Eastern Cape Colony, Natal, Rhode- 

Larvae tunnel in green fruit sia, Transvaal 

J, regia. Lounsbury, O. P., corre- 
spcnUent 

Carpocapsa pomonella (Linn.) Cosmopolitan (Ventura Co.) 

Larvae tunnel green fruit 
J, regia. Quayle 26-1 

CarpompsapomoTtellawiir. svmpsoniB^xi^cJiL California (Ventura Co.) 

Larvae tunnel green fruit 
J. regia. Author 

Carpocapsa splendana> Hbn. Italy 

Feeds on fruit 
J. sp. Cliiari 20-631 

Gretcheiui hiangulana Wals, California (Ventura Co.) 

Larvae feed on green fruit 
J. calif omica Flanders, S. E. 

Laspeyresia amplama Hbn. Europe 

Borer in fruit? 

J. sp. Pierce 17-220 

jMspeyrcsia oaryana Fitch Atlantic states, Illinois 

Larvae tunnel shucks 
J. sp. Felt 06-583 

Laspeyresia grossana Haworth Europe 

Borer in fruit? 

J. sp. Pierce 17-220 

Laspeyresia spleivdana Hbn. Europe 

Borer in fruit? 

J. sp. Pierce 17-220 

Melissopus latiferreawus (Walsingham) Maine-Califomia (Ventura Co.) 

Larvae feed on green husks, larvae 
hibernate under codling moth 
bands 

J. regia. Autlior 

TORTEICIDAE 

Archips argyrospUa Walker United States (Ventura Co.) 

Larvae feed on leaves and husks of 
green nuts 

J. nigra. Gill 13-93 
J. regia. Essig 26-735 

EvZia juglandana Pern. Massachusetts-Minnesota 

Leaf feeder 
J. regia. Pelt 06-717 

Proteopteryx hoUiana Sling. Southern states 

Feeds on buds 

J. nigra. (Doubtful record.) Gill 
17-25 

SparganotJUa sp. California (Ventura Co.) 

Peed on husks of green nuts 
J, regia. Flanders, S. E. 
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Tortrix amplana Hbai. Southern Europe, Northern Africa 

Leaf feeder 

J, reffUL Sajo, Ghaa., correspondent 

Tortrix oitrana i^rnald California (Ventura Co.), Brazil 

Leaf feeder 

J. calif omica, J, regia, Aiuthor 

HELIOZELIDAE 

Coptodisoa juffUmdieUa Chamb. Kentucky, New York 

Loaf miner 
J, nigra^ Felt 06-720 


OOLEOPHORIDAE 

Coleophora caryaefoliella Olem. Florida-Texas-New Hampshire 

Feeds on leaves and buds 
J. nigra. Gill 17-23 


GRACILARIIDAE 


Cameraria caryaefoliella Clem. 

Leaf miner 

J, oinerea, J, nigra. Felt 06-717 
Graoilaria jugUmdieUa diamb. 

Mines under surface of leaf 
J, nigra. Felt 06-720 
GraaUaria rosoipenneUa Hbn. 

Leaf miner 
J. Begia, Hcring 26- 


Atlantic states 

Kentucky, New York, Pennsylvania 

Switzerland 


<X)SSIDAE 


Cosms oossus Linn. 

Bores in branches 

J, regia, Sa.jo, Chaa., correspondent 
Zeusera pyrma Linn. 

Borer in live wood 

J, sp. Howard and Chittenden 16-5 


Europe 

Africa, Alg-eria, Asia Minor, Eu- 
rope, Japan, Morocco, Sweden, 
Atlantic states 


NEPTICULIDAE 


Nepticula juglandifoliella Clem, California (Ventura Co.), New York, 

Leaf miner Pennsylvania 

J, calif omica, J, MndsU, J, regia, 

Autlior 

J, nigra. Felt 06-720 
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HYMENOPTERA 


XYEIilDAE 

Odontophytes avmgrata (Dyer) New York 

Larvae feed on immature leaves 
J. omerea. Leonard 28-871 

TENTHREDINIDAE 

Ertoocmpa juglcmdis Fitch New York 

Leaf feeder 

J. omerea, Felt 06-720 

Monophadnus oaryae Nort. New York 

Feed on terminal part o-f leaf leaviug* 
midrib and small basal portion 
J, omerea. Felt 24-295 


FORMICIDAE 


Componotus oaryae subsp. discolor var. 
olarithorax Emery 
Borer in dead wood 
J, regia, Flanders, S. E. 

Camponotus tranoatus Spin. 

Nest in twigs 
J, regia, Forel 01-380 
Camponotus sp. 

In husk injured by Conotrachelus jug- 
larndis Lee. 

J, ovnereor. Brooks, F. E., correspond- 
ent. 

Doliohoderus quadripunctatus Linn. 

Nest in twigs 
J, regia, Forel 01-380 
Iridomyrmex humilis Mayr 

Nests in cavities of trunk and large 
branches 

J, regia. Author 
Lasms fuUgmosus Latr. 

Nests in cavities of trunk where it 
makes a carton nest 
J, regia. Forel 01-381 
Leptathorax afflnds Mayr 
Nests in twigs 
J, regia, Forel 01-381 
Solenopsis gemimata (Fab.) 

Enter fallen nuts and feed on meats 
J, regia. Author 


California (Ventura Co.) 


Switzerland 


West Virginia 


Switzerland 


Argentina, Brazil, California (Ven- 
tura Co.), Louisiana 


Switzerland 


Switzerland 


American tropics north to southern 
states, California (Ventura Co.)- 
British Columbia 


XYLOCOPIDAE 

Xylooopa varipunota Patton Arizona, California (Ventura Co.), 

Constructs nests in dead wood Lower California 

J, regia. Author 
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Phyla NEMATHELMINTHES^ 

Class NEMATODIA 
Order NEMATOIBEA 

TYLENCHIDAE 

Heterodera radicieola Greet California (Ventura Co.), South 

Forms galls on roots, feeds on sap. Africa 

J. rejiiria. Flanders, S. E. 

Heterodera seha^tii Schmidt California (Ventura Oo.) 

Forms galls on roots, feeds on sap. 
r7. reffia. Flanders, S. E. 


LIST OF OEDEES AND NUMBEES OF FAMILIES, GENEEA, AND 
SPECIES EECOEDED 


Class Order 

Arachnida Araneae... 


Species and 
Families Genera Varieties 
.4 6 9 


Insccta Orthoptera 

Isoptera 

Thysanoptera 

Homoptera, 

Hemiptera 

Coleoptera. 

Diptera 

Lepidoptera 

Hymenoptera 

Nematodia Nematoidea 

Grand Total. 


3 

3 

3 

2 

3 

4 

2 

4 

4 

7 

37 

67 

2 

3 

6 

17 

99 

130 

9 

12 

21 

17 

55 - 

80 

4 

10 

12 

1 

1 

2 

68 

233 

338 


^ Although these two species do not belong to the same phyla as the insects and arachnids 
they are included here as they are of interest to the student. 
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STUDIES OE HABROCYTUS CEREALELLAE 
(ASHMEAD), A PTEROMALID PARASITE 
OP THE ANGOUMOIS GRAIN MOTH, 
8IT0TR0GA CEBEALELLA 
(OLIVIER) 


BY 

NORMAN S. NOBLE 

INTRODUCTION 

The stocks of the parasite Hahrocytus cereaUllae (Ashm.), were 
forwarded to the writer by Professor H. S. Smith, from the Citrus 
Experiment Station at Riverside, California, at the close of August 
1930. At the Riverside Experimjent Station it was present as a para- 
site of Sitotroga cerealelkb (Olivier) in maize, which was being used 
by Stanley E. Flanders in connection with the mass production of 
Trich>gramrm minwtum Riley. 

Nothing apparently has been written concerning this parasite since 
its original description and it was therefore decided that a study of 
its biology and morphology would be of value. The work was begun 
at the University of California, Berkeley, at the beginning of 
September 1930 and was continued until the end of March 1931. 

During this time a study of the parasite’s biology was carried out, 
together with morphological studies of the larva and the adult, the 
latter studies being more or less confined to those parts which have 
some connection with the biology. 
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HISTORY OP THE PARASITE 

Habrocytus cerealeUae (Ashm.) belongs to the hymenopterons 
superfamily Chalcidoidea, family Pteromalidae, and the subfamily 
Pteromalinae. It was originally described by Ashmead (1902) as 
Catolaccus cerealeUae, the type being bred from specimens of Sitotroga 
cerealella (Olivier) taken by Mr. Dunwoody in Philadelphia and reared 
by the United States Department of Agriculture, Washington, D.C. 

Kurdjumov (1913) considers that Ashmead ’s classification of the 
subfamily Peteromalinae is a step backward as compared with that of 
C. G. Thomson (1878), Ashmead ^s being based on the diiference in 
the mimber of teeth on the right and left mandibles. This character, 
according to Kurdjumiov, is not always constant, even within the limits 
of one species. In all the specimens of females of J?. cerealellae 
(Ashm.) examined by the writer, the left mandible had three teeth 
and the right four. 

Ashmead (1904) places the genus Catolaccus in the tribe Petero- 
malini, the distinguishing character being the presence of .four teeth 
on both mandibles, so that on this character alone the species was 
wrongly placed in the genus Catolaccus. According to Ashmead ^s 
(1904) classification, the species must fall in the tribe Rhaphitelini, in 
which the genus Habrocytus Thomson occurs. 

Kurdjumov (1913) states that, in connection with the genus 
Catolaccus, Ashmiead misunderstood Thomson’s description and that 
therefore none of the American species described under this generic 
name really belong to it but are either Habrocytus Thomson or 
Zatropis Crawford. Viereck (1916) describes the parasite, using 
Pteromalus {Catolaccus) cerealellae (Ashm.) to designate the species. 
Girault (1917) uses Habrocytus cerealeUae (Ashm.) and lists the char- 
acters necessary to separate it from nine other species of this genus 
occurring in North America. 

Of the genus Habrocytus Thomson, Kurdjumov (1913) states that 
it includes many different t 3 rpes of Pteromalinae and is unquestionably 
artificial, the knowledge of this group being rather poor. 

The genus is of wide distribution, including primary parasites of 
many Lepidoptera, Coleoptera, and Diptera. In addition many 
species have been recorded as hyperparasites of various hymenopterous 
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parasites, while one species, Hahrocytus medicagirds Gah,., has been 
recorded as a primary parasite of the clover seed chalcis, Bruchophagus 
funehris Howard, in the United States (1916). 

The only recorded host of Hahrocytus cerealeUae (Ashm.) is the 
Angoumois grain moth, Sitotroga cerealeUa (Olivier) ; this moth, 
which belongs to the family Gelechiidae, being a cosmopolitan pest of 
various grains, both in the field and in storage. 

Stanley E. Flanders informed the writer that he saw this parasite 
puncturing potato sprouts with its ovipositor at the Citrus Experi- 
ment Station, Riverside. These sprouts were being utilized for the 
propagation of mealybugs and were infested with the potato tuber 
moth, Phthorimaea operculella (Zeller), the mining larvae of which 
were doubtless attracting the attention of the parasite. 


LABORATORY METHODS 

The studies were carried out in the laboratory which was heated 
throughout the winter, the temperature ranging from a little over 
60"^ P to 75° P; more exact observations were made in a heated 
chamber where the temperature was more or less constant at from 
75°P to 77° P. 

The original stocks of both host and parasite were obtained from 
white com. In addition to Habrocytus cereal ellae^ (Ashm.), the mate- 
rial was found to contain at least two other species of parasites and a 
predaceous mite. The mite fed freely on the eggs and larvae of both 
host and parasite, so it became necessary to breeil pure stocks of both 
of them. As both host and parasite fed within the grain, numerous 
dissections of the com grains were necessary, involving, frequently 
injury to eggs and larvae. 

Wheat was therefore substituted : being softer, it vras much more 
easily dissected. The host moths reared from wheat were much 
smaller than those reared from com, this food supply being more 
limited. The host larva usually ate out the entire contents of one side 
of the grain and then pupated, rarely penetrating through to the 
other half of the kernel. 

The wheat was sterilized in an autoclave. Meanwhile moths emerg- 
ing from the infested grain were confined in a tin container six inches 
in length, with a diameter of four inches, one end of which was 
replaced by a layer of fine copper screening. This was rested on a 
petri dish and narrow strips of cardboard closely pinned together 
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were inserted into the tin. The moths readily deposited eggs between 
the two layers of cardboard and on the floor of the petri dish through 
the copper screening. 

The eggs were collected and examined under a binocular microscope 
in order to insure freedom from mites and were then transferred to 
the sterile wheat in glass battery jars, eight and one-half inches in 
height and six inches in diameter. The tops of these jars were covered 
with fine muslin and around the outside an extensive layer of vaseline 
was always maintained in order to prevent mite invasion. 

The adult parasites were kept in a refrigerator, being withdrawn 
and placed with the infested wheat when the host larvae were 
sufSciently advanced. 

Fresh batches of grain were infested with Sitotroga cerealella 
(Olivier) throughout the course of the work so that supplies were 
always available for experimental purposes. A series of these battery 
jars was continuously maintained, and after a period of seven months 
the original jars still contained small stocks of both host and parasite ; 
sufficient host larvae apparently escaping parasitism to emerge as 
moths and reinfest any remaining sound grains. 

For more precise experimental work a series of petri dishes, as 
recommended by Imms (1929), were used. These were of three sizes : 
large ones, 14 cms. in diameter, in a single one of which, it was pos- 
sible to rear as many as 4000 adult moths ; medium size, 10-11 cms. in 
diameter; and small ones 6 cms. in diameter. In this way exact records 
of infestation and subsequent parasitism could be m^ntained and it 
was also possible to watch the oviposition and general behavior of the 
adults under the binocular microscope without removing the lids or 
disturbing the parasites in any way. 

Throughout the work two general methods were adopted. In the 
first case, parasites were introduced into the dishes containing the 
infested grain for standard periods of time, after which they were 
removed and the dishes incubated at constant temperatures, in order 
to obtain data on the life-cycle; in the second case periodical grain 
dissections were carried out for the study of the larval stages. 

It was found, however, that by dissecting out the larvae of 8ito- 
troga cerealeUa (Olivier) and placing them, together with female 
parasites, in tiny flat-bottomed tubes, 3 cms. in length, the latter 
readily deposited their eggs. The host larvae thus parasitized were 
removed to small petri dishes, and, provided a fairly high humidity 
was maintained, the parasite could be induced to pass through its 
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entire life-cycle quite free of the grain. By this means it was possible 
to make much more complete obeerrations on the larval behavior than 
when the results of grain dissections alone were utilized. The length 
of the life-cycle in the exposed larva was apparently the same as that 
of a parasite which passed the entire life-cycle within the grain. The 
parasite larvae could be readily transferred from point to point with 
a earners hair brush, without showing any ill effects. 

The eggs and early larval stages of this small parasite are of such 
a delicate nature that very specialized technique is necessary in order 
to secure slide mounts free from distortion. The use of alcoholic 
fixatives or stains, or the final use of either euparal or balsam, 
invariably produced distortion. 

The use of Berlese’s fluid, as recommended by Imms (1929), into 
which the eggs or minute larv^ae were dropped alive, generally speak- 
ing gave the best results, some excellent mounts being thus obtained. 
The use of DeFaure^s fluid invariably produced distortion. Some 
good mounts of first-stage larvae were made by using glycerin jelly, 
but with this, as with Berlese’s fluid, there was a remarkable lack of 
uniformity in the results, some first-stage larvae shriveling up com- 
pletely, others giving excellent mounts. With both these mounts the 
tracheal system showed up to advantage a short time after mounting. 

' Although the Berlese’s fluid was freshly prepared, it crystallized 
in many slides several months after mounting, yet the writer has slides 
of hymenopterous lan’^ae which were mounted in this medium in Eng- 
; land over eighteen months ago, which are still in excellent condition. 

All these media are too clear to show well the distribution of fine 
setae and it was found that the addition of a few crystals of iodine to 
the Berlese’s fluid gave greatly improved results. Temporary mounts 
in Congo glycerin, as recommended by Kingsbury and Johannsen 
(1927), were also prepared with some success. 

The dropping of larvae into almost boiling 95 per cent alcohol fixed 
them in a distended condition, suitable for the study of external char- 
acters, but made them too brittle for any other purpose. The preser- 
vation of larval and pupal stages in 80 per cent alcohol to which five 
parts of glycerin had been added, retained them in a normal flexible 
condition for future study. 

Larvae of various stages were found to remain alive in a drop of 
glycerin for many hours and this was sometimes very useful for 
purposes of general study. 
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For the mounting of cast skins and detached mouthparts, De 
Paure^s fluid was used with success. The larva to be examined was 
mounted facing upward in a drop of the solution on a slide, beneath a 
binocular microscope. The last anal segments were then tom open 
with the point of a fine needle and the abdominal contents pressed out. 
The drop was allowed to dry with the mouthparts orientated for study. 
A coverglass was superimposed and a small quantity of the mounting 
medium run under the slide. Slides prepared in this way showed to 
advantage the mandibles, sensillae surrounding the mouth, the head 
capsule, and the tentorium. 

The larger and more readily handled larvae could be treated with 
dilute potash to remove the stomach contents, followed by any of the 
usual methods, and stained with magenta or haematoxylin to show 
the distribution of setae. 


MORPHOLOGY 
The Adult 

Technical description. — The following is Ashmead ^s original 
description : 

Female . — ^Length 2 to 2.5 mm. Metallic bronze green, closely 
punctate and sparsely pubescent. The abdomen is conic-ovate, and 
usually, but not always a little longer than the head and thorax united, 
the two or three basal segments tinged with cupreous, the segments 
subequal in length, with some very delicate transvere acieulations. 

The legs are metallic green, the knees, tibiae and tarsi, except the 
last joint, the scape of the antennae and the labial palpi l^ing honey 
yellow; the maxillary palpi and the rest of the antennae are dark 
fuscous; the flagellum is very slightly and gradually thickened 
towards the apex, the ring joints annular, the first joint of the funicle 
being usually a little longer than the pedicel or as long, the follow- 
ing joints veiy gradually shortening to the club, the last being 
obtrapezoidal in outline, a little wider at the base than at the apex, 
the joints of the club, or at least the first two, are wider than long. 
The head is transverse, wider than the thorax or about 3V^ times as 
wide as thick antero-posteriorly, thinnest at the middle. Wings 
hyaline, the veins light brown or brownish yellow. The met^thorax is 
impressed on each side posteriorly with usually a short delicate median 
Carina on the middle lobe at base. 

Male . — The male measures scarcely 2 mm. in length, bronzed black, 
the flagellum being filiform and densely hairy, while the abdomen has 
a yellow median spot basally and is oblong-oval, not pointed at 
the apex. 

The adult female is shown in figure 1. 




Fig. 2. Portion of front wing of female. X 195. 

Fig. 3. Hind leg of female. X 130. 

Fig. 4. Ventral view of abdomen of female; X 80; gc= ovipositor guard 
of left side, 0 = inner ovipositor plate, b c= outer ovipositor plate. 

Fig. 5. Left mandible of female. X 195. 

Fig. 6. Bight mandible of female. X 195. 

Fig. 7. Antenna of female. X 105. 

Fig. 8. Antenna of male. X 195. 
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The writer measured 50 males and 50 females with the following 
results: 


Length in millimeters 



Minimum 

Maximum 

Average 

Females 

1.65 

3.75 

3.10 

Males 

0.95 

3.00 

2.27 



There is considerable variation and overlapping of size, some specimens 
of both sexes, being larger than the types. Also, very minute indi- 
viduals of both sexes were reared. These will be further discussed 
under Biology. 

General morphological characters . — Portions of the wing, the two 
mandibles, the hind leg, and the antenna of the female are shown in 
figures 2 to 8, together with the antenna of the male. These illustrate 
various points brought out in the original description. The elongate 
sensillae are distributed along the segments of the antennae in both 
sexes, growing more numerous toward the tips, being particularly 
abundant on the club in the female. This concentration is possibly 
connected with the behavior of the female in searching for infested 
grains, as she brings only the tips of the antennae into contact with 
the outer surface of the grain, and by means of these antennary sen- 
sillae is able to detect the presence of host lar\w. These sensillae 
also appear to play a part in the activities of both sexes prior to 
fertilization, the details of which will be described later. 

The ovipositor . — The ovipositor is in close apposition with the 
ventral surface of the abdomen, extending from its tip to the first 
abdominal segment, so that, though quite long, it is not easily dis- 
tinguished. It consists of the stylet sheath and the two stylets, the three 
together constituting the hollow*^ tubular organ called the sting or tere- 
bra, down which the eggs and glandular secretions pass. Associated 
with the ovipositor are a series of chitinous plates (fig. 9). 

The structural details of the ovipositor and its accessory plates 
have been carefully studied by Imms (1918) in Blast othrix britamnica 
Gir., a chaloid parasite of Lecamum capreae (Linn.), and the various 
homologies in the case of Habrocytus cerealeUae ( Ashm.) can be readily 
worked out, detail of structure alone showing some divergence. 

The stylet sheath represents the fusion of two original gonapo- 
physes, the line of fusion being visible along the greater part of the 
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sheath, its tip alone being fused to form a single fine sharp piercing 
organ bearing a series of backwardly directed barbs. In section it is 
more or less semicircular, being open ventrally. The two stylets are 
separate and are held in pK)sition within the grooved edges of the 
sheath, forming together the ventral part of the ovipositor. Each 
stylet terminates just before the tip of the sheath, their ends being 
finely pointed and bearing two fine barbs. There are also a number 
of setae present projecting from the lower part of the stylets (fig. 10) . 

The two components of the stylet sheath are fused right up to the 
base of the first abdominal segment. Here they expand into two 
thickened areas of chitin and then the two components become sepa- 
rated into two divergent arms, which pass immediately into the abdo- 
men and extend up dorsally and curve over within the body cavity, 
gradually curving downward and inward toward one another until 
their tips again lie close together near the ventral surface of the body, 
within the fourth abdominal segment. 

The st 3 dets also extend back into the body cavity, each lying in the 
groove of the corresponding sheath arm, being partly held in position 
by an extensive series of fine chitinous spines extending out from the 
sheath amis. A total of 72 such spines were counted on each ami 
figured. They become shorter and closer together toward the 
extremities of the sheath arms, being entirely absent from the end 
section (figs. 13 and 14). 

Intimately associated with the ovipositor is a series of paired 
chitinous plates. An inner pair of elongate plates (fig. 9a), extend 
along the ventral surface of the abdomen and closely overlie the ovi- 
positor, being themselves covered over anteriorly by the stemites of 
the first five abdominal segments. 

Prom these plates two fine bands of chitin extend anteriorly (fig. 
9e and /) and stretch upward into the body cavity to the divided 
sheath arms with which they are closely connected, thus keeping them 

Fig. 9. Ovipositor and associated plates, showing the stylet tips exserted 
beyond the end of the sheath. X 140. <t, inner ovipositor plate; h, outer 
ovipositor plate; c, fulcral plate; e and f, chitinous bonds extending from the 
inner plate to t^ arm of the ovipositor sheath. 

Fig. 10. Tip of stylet. X 720. 

Fig. 11. Tip of sheath showing barbs. X 720. 

Fig. 12. Stylet. X 140. 

Fig. 13. Basal section of sheath arm showing chitinous teeth. X 600. 

Fig. 14. Arm of stylet sheath near its termination showing tlie teeth less 
strongly developed. X 600. 

Fig. 15. shaped chitinous structure which overlies the sheath 

arms basally. X 140. 
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perfectly rigid. At its distal end each plate bears a palp-like process 
or ovipositor guard (fig. 9g), which projects beyond the tip of the 
abdomen, covering the ovipositor and being in close proximity to the 
last abdominal segment. 

A second series of shorter and broader plates (fig. 9b) lie outside 
of and partly overlap the first pair. These extend posteriorly and are 
closely fused with the tergite of the last abdominal segment. 

Anteriorly there is a third pair of small triangular plates (fig. 9o) 
which Imms (1918) terms the ‘^fulcral plates.” These articulate with 
a chitinous process on both plates a and b and a third chitinous process 
is closely attached to the end of each stylet. 

During oviposition, any movement of the elongate plate is trans- 
lated to the fulcra! plate, which in turn acts on the end of the stylet 
and causes it to move down the sheath so that the stylets may project 
ventrally beyond the tip of the sheath; the total distance they can 
thus project being governed by the total length of the divergent sheath 
arms within the abdomen. By this device the insect has added con- 
siderably to the length of the stylets without the necessity of exposing 
the ovipositor beyond the end of the abdomjen to any extent. 

There is also a fine Y-shai)ed chitinous structure which is located 
at the base of the sheath just at the point where it begins to diverge, 
each arm of the Y overlaying the sheath arm for a short distance along 
its course (fig. 15). 

Another series of elongate chitinous plates (fig. 9d) lie outside the 
plates (a, 6), partly covering the latter and also the fulcral plates, 
and forming part of the ventral body surface. 

In figure 9, the stylets are shown projecting beyond the tip of the 
sheath and it will be seen that the fulcral plate has moved a corre- 
sponding distance forward along the sheath arm. 

The Ego 

The egg is grayish white, elongate, slightly curved with rounded 
ends; the cephalic end being rather wider than the posterior end. 
The average length of 50 eggs was .475 mm. with an average width at 
the widest zone of .157 mm. 

Fig. 16. Lateral view of egg. X 210. 

Fig. 17. Dorsal view of egg, X 210, 

IHg. 18. Lateral view of egg. X 210. 

Fig. 19. Developing embryo within the egg. X 210. 

Fig. 20. A later stage in embryo development. X 210. 

Fig. 21. The newly hatched larva crawling out of the egg. X 210. 
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The entire surface of the chorion, except at the ends, is armed with 
an extenijive series of fine spines. In this and in its general structure, 
it resembles the egg of Dibrachys boucheanus (Ratz.) figured by 
Parker (1924). 

The maximum length of all eggs examined was .613 mm., the 
minimum being .409 mm., while the width varied from a maximum of 
.170 mm. to a minimum of .136 mm. There is frequently a variation 
in the length, width, and shape of the eggs laid by the same female, 
the length varying from .613 mm. to .477 mm. and the width from 
.170 mm. to .136 mm. Some eggs are considerably narrower and more 
curved at the posterior end, while less frequently there is a prominent 
narrow tip at the cephalic pole. Figures 16 to 18 show variations in 
three eggs deposited, by the same female. 

The diameter of the egg and the ovipositor . — The width of 33 eggs 
laid by one female varied from 0.15 mm. to 0.17 mm., at their widest 
point, while the external diameter of the ovipositor was .032 mm. 
In a second case the width of the ten eggs varied from 0.14 mm. to 
0.17 mfm., while the external diameter of the ovipositor was .030 mm. 

The diameter of the passage down which the eggs pass would be 
considerably less than .03 mm. and yet the eggs are as much as five 
times the external width of the ovix)Ositor, so that they must undergo 
considerable compression during their passage down the ovipositor 
tube. 


The Larva 

In describing the various larval stages, the writer has eandeavored to 
follow the general method of Parker (1924), using his work as a guide. 

No measurements have been quoted for intermediate stage larv^ae. 
The great variation in the size of the mature larva is reflected in the 
interraiediate larval stages, so that the statement of size of a limited 
number of intermediate stage larvae would have little significance. A 
small number of larvae were kept under close observation throughout 
their entire larval life, accurate measurements being made immediately 
preceding and immediately following ecdysis, but it has been considered 
advisable to include these in the section on the biology of the larva. 

Stage I. The first-stage or primary larva immediately after hatch- 
ing is clear and translucent, except for a narrow central zone which 
has a greenish tinge owing to the presence of greenish colored drops 
of liquid in the alimentary canal. The length averages .412 mm., with 
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Kg. 24. Kr»t itage larva, dorsal view. X 680. 

Kg. 25. First stage larva, ventral view shovriag traelieal system. X 680. 
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a maximum of .460 mm., and a minimum of .374 mm.; the length 
being in part determined by the length of the egg from which it 
emerges, the larva always being a little shorter than the egg. The 
average width of the body at its widest point is .132 mm., with a 
maximum of .140 mm., and a minimum of .123 mm. ; the head being 
slightly wider. 

The larva consists of a prominent head and 13 segments. The three 
thoracic segments are fairly even, the body segments narrowing 
posteriorly. Dorsally and laterally each segment bears a pair of setae 
which decrease in size in the posterior segments. The setae on the first 
segment of the thorax are directed anteriorly and those oil the remain- 
ing segments posteriorly. In addition, surrounding each segment 
is a series of very fine spines visible only at high magnifications 
(figs. 24, 25). 

The head is more or less semicircular in outline, slightly more 
heavily chitinized than the body, and bears a pair of truncate antennae 
dorsally. The mouth is ventral and is surrounded by a short rounded, 
tubular structure formed from the integument, this being very con- 
spicuous as the larv^a elevates the head, when crawling along (fig. 23). 
On the ventral surface of the head are three pairs of long setae, one 
pair in front of the mouth and two pairs at the sides. The mouth is 
surrounded anteriorly by a curved band of chitin, which Parker 
(1924) terms the facial arc. A semi-circular raised band of the 
integument extends from the facial arc behind the mouth, the two 
forming a more or less circular outline which encloses all the 
mouth parts. 

The mandibles are deep amber in color, long and narrow, slightly 
curved, and averaging .022 mm. in length. Dissected out and in side 
view they exhibit a much more pronounced curvature. They are sup- 
ported dorsally by two bands of chitin constituting part of the facial 
arc and ventrally by two other chitinous bands which Parker (1924) 
terms the mandibular apophysis, while passing back in the head and 
projecting into the thorax dorsally there is a fine elongate band of 
pale colored chitin termed the tentorium, which unites the two sides 
of the head capsule. Above the mouth are three pairs of fine sensorial 
organs and below are five pairs (fig. 22). 

The respiratory system consists of two main tracheal trunks, one 
extending along each side of the body, being united anteriorly and 
posteriorly by transverse comimissures in segments one and eleven. 
The main trunks pass forward into the head and backward into the 
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last abdominal segments, where they divide into many smaller 
branches. From the main trunks four pairs of ^ort branches lead 
respectively to four spiracles on segments two, four, five, and six. 
In addition each main trunk gives off dorsally and ventrally a series 
of branches which divide freely and pass into the various body 
organs (fig. 25). 



Fig. 26. First stage larva feeding on another first stage larva. X 170. 

Fig. 27. Mature larva showing the alimentary tract and salivary glands. X 73. 
Fig. 28. Second stage larva. X 242. 


Stag^ II. The second-stage larva is grajdsh green in color and is 
now slightly curved in outline, the body segments decreasing in size 
anteriorly to the head and posteriorly. The head is very much less 
conspicuous than in the freshly hatched larva, being much narrower 
than the widest abdominal segments. 

The fine spines visible on the anterior of the body segments of the 
first stage larva are missing in this stage. Dorsal and lateral spines 
are present on the body segments. The mandibles now appear to be 
almost straight with sharp heavily chitinized tips. Their average 
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length is .032 nun. There has been a notable change in the tentorium, 
which is now almost as wide as long, with a flattened base. The 
arrangement of the sensillae around the mouth appeared to be the 
same as those of the mature larva. 

Immediately after moulting, only four spiracles appeared to be 
open on segments two, four, five, and six, but toward the end of the 



30 

Tig. 29. Mature larva showing tracheal system. X 90. 

Pig, 30. Ventral view of head of mature larva. X 230. 

Pig. 31. Mandible of larva stage I. X 1450. 

Pig. 32. Mandible of larva stage II. X 1450. 

Pig. 33. Mandible of larva stage III. X 1450. 

Pig. 34. Mandible of larva stage IV. X 1450. 

second stage five others appear to develop on segments three, seven, 
eight, nine, and ten ; those on segments two, four, five, and six being 
the larger (fig. 28). 

Stage III. The ihird^stage larva differs little from the second stage 
except in size and also it is slightly more curved in outline. The 
mandibles increase to an average length of .044 mm. and are more 
triangular in outline, being very slightly curved. The tentorium has 
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a^ain become shorter in proi>ortion to its width, representing an inter- 
mediate stage between that of stage II and the mature larva or stage 
IV, while the sensillae around the mouth appear to be the same as 
those of stage II and the mature larva. 

Stage IV. The mature larva (fig. 29) varies from light to dark 
gray in color, being cylindrical and arched in outline, narrowing 
toward both ends. There is great variation in size, the average length 
of 50 individuals being 2.81 mm., with a minimum of 1.55 mm., and a 
maximum of 4.10 mm. 

The width of the body at its broadest point is always about one- 
third of the total length. It consists of a head and thirteen segments, 
with conspicuous dorsal ridges at the junctions of the segments, par- 
ticularly in the median zone. The integument is smooth and glisten- 
ing, being armed with a series of spines ; dorsal, lateral, and ventral 
spines being present on some segments. There are six prominent 
spines on the end of the last abdominal segment, all directed poste- 
riorly, four of these being dorsal and two ventral. There are nine 
spiracles, one on each segment of numbers two to ten inclusive. There 
is also a short trunk leading from the main longitudinal trunk in 
segment eleven which terminates before reaching the integument. 
Transverse commissures unite the two main longitudinal trunks in 
segments one and eleven, profusely branching tracheae passing out 
from the main trunk to the various body organs (fig. 29) . 

The head is inconspicuous, being about half the width of the 
broadest abdominal segments. It is more or less semi-circular in out- 
line with two prominent rounded zones, one on each side, below which 
lie the antennae which are more or less cylindrical, long and narrow, 
and pigmented a deep amber color. The mouth is ventral and is 
located on a slight protuberance. Three pairs of setae lie on the ventral 
surface of the head, one pair above and two pairs at the sides of the 
mouth. There are also two pairs of lateral setae on the head, with an 
additional pair between the antennae. The mandibles have increased 
in size considerably, averaging .067 mm. in length. They are tri- 
angular in outline with a single sharp, heavily chitinized tip, the 
ohitinization being less heavy toward the base. 

Above the mandibles and below the facial arc there are six pairs 
of minute sense organs, while telow there are at least eight pairs, 
three pairs being in the form of fine spines. The tentorium is well 
developed, being now much wider than long, with a broad flat base 
which projects into the thorax (fig. 30) . 



1932] 


Noble: Studies of Habrocytus cerealeUae 


331 


BIOLOGY 
The Adult 

Length of life. — Twenty-five individuals in glass tubes inches 
long were placed in an incubator at from 75° F to 77° P, the end being 
loosely plugged with dry absorbent cotton. The relative humidity 
was apparently very low. The average length of life of 10 females 
under these conditions was 6.6 days, with a maximum of 8 days, and a 
minimum of 6 days; the average length of life of 15 males being 6 
days, with a minimum of 4 days, and a maximum of 8 days. 

One hundred and sixty individuals were kept under similar condi- 
tions, except that the absorbent cotton was kept moistened with 
ordinary tap water. There was a great increase in the length of life. 
The average length of life of 68 females was 14.38 days, with a mini- 
mum of 9 days, and a maximum of 27 days ; the average for 82 males 
being 9.16 days, with a minimum of 3 days, and a maximum of 19 days. 

A further series of 20 was incubated under similar conditions, but 
instead of water a mixture of honey and water was kept constantly on 
the absorbent cotton. The average length of life of 7 females was 
41.14 days, with a minimum of 37 days, and a maximum of 46 days; 
while the average life of 13 males was 31.84 days, with a minimum 
of 20 days, and a maximum of 38 days. Both sexes fed freely on this 
sweetened liquid and though only a limited number of indi\iduals 
were used in the test, it is evident that the provision of sweetened 
liquid led to a remarkable increase in the length of life. 

Records of the length of life of ten females were also obtained, five 
being kept constantly in small tubes with exposed larvae and five in 
infested grain, no moisture of any kind being provided. The average 
length of life of the five individuals with exposed host larvae was 22.8 
days, with a minimum of 17 days, and a maximum of 26 days ; while 
the average length of life of the five individuals in the infested grain 
was 19.6 days, with a minimum of 14 days, and a maximum of 28 days. 
Some, if not all, of these females fed on the liquid which exudes from 
the punctures made in the host larva by the parasite prior to 
oviposition. 

Approximately five hundred parasites were forwarded from River- 
side, arriving at Berkeley on August 29, 1930. They were fed on 
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honey and water for several hours and then divided into two groups, 
one group being maintained at a constant temperature of 48° F and 
the second at a temperature varying from 42® F and 46° F. 

The last individual of the first group died 49 days after being 
placed in the constant.-temperature room. At this time there were 
still 20 females alive in the group kept at from 42® F to 46° F, eight 
of these being still alive 60 days after being placed in this cool room. 
On examination ten days later, all were dead. 

A second batch which emerged on September 27, 1930, were placed 
in a cool room with the temperature varying from 42° F to 46® F. 
At the end of 21 days a number of males were dead but all the females 
were alive. At the end of 31 days the majority of the males and a 
few females were dead, but the majority of the latter were still alive. 

At the end of 53 days there were still approximately 40 per cent 
of the original number alive, including a few males. On this day 
they were all transferred to the laboratory and utilized to parasitize 
host larvae. 

From these various tests it is evident, that the provision of 
sweetened solutions add to the length of life of both sexes and that 
they can be kept alive for considerably longer periods by keeping them 
at low temperatures. It is also clear that under all conditions the 
male lives for a shorter time than the female. 

Reaction to temperature . — At a temperature of 42° F they are 
extremely sluggish but if disturbed will crawl slowly around in the 
container. Kemoved to a temperature of 65® F they become active in 
a few minutes, running and flying readily. They are quite active 
and oviposit freely at a temperature of 65° F. At 76® F they are 
even more active, running and flying rapidly and ovipositing freely. 
They are not, however, strong flyers, settling quickly after a short 
flight in the laboratory. 

Reaction to light . — ^In a general way they are positively photo- 
trophic, tending to concentrate on the side of the container nearest 
the source of light. If enclosed in a dark container such as a card- 
board carton, the puncturing of a small hole in the side will cause all 
the individuals to come out of the container in the space of a few 
minutes. If a light is turned on in the laboratory at night, all the 
parasites will be found to be resting immobile on wheat grains or on 
the sides of the container, but they soon begin to crawl around and, 
with the light on, have been seen to oviposit freely at 10 p.m., the 
temperature then being between 60° F and 70® F. 
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Food requirements . — It has been pointed out in connection with 
the length of life of the adults that they require semi-liquid food of 
some kind, whether it be sweetened water or part of the fluid contents 
of the host larva apparently making little difference ; adults provided 
with neither of these substances having a much reduced life. It was 
evident that the relative humidity of the atmosphere in the heated 
cham,ber was low and the provision of moistened absorbent cotton in 
order to raise the humidity probably played a part in lengthening the 
life of the adult. 

The feeding habits of the adult female will be discussed in more 
detail in connection with oviposition. 

Parthenogenesis . — Female pupae were dissected from grain and 
placed in a separate container in order to avoid the possibility of 
fertilization. Upon emergence they were placed in dishes containing 
grain infested only by the host. These unfertilized females oviposited 
freely, a total of 298 progeny being without exception males. 

Sex ratio . — It was noted that in bulk stocks there always appeared 
to be a preponderance of females. The total progeny of four females 
fertilized immediately after emerging from the grain were counted 
and sexed with the following results : 



Total 

progeny 

Number of 
males 

Number of 
females 

Per cent of 
males 

Per cent of 
females 

Female number 1 

93 

38 

55 

40.86 

59.14 

Female number 2 

327 

81 

246 

24.77 

75.23 

Female number 3 

270 

61 

209 

22.59 

77.41 

Female number 4 

324 

85 

I 239 

26.23 

73.77 


Total 

1014 

265 


II^QI 

73.87 



It is thus evident that in the four cases cited the percentage of females 
was considerably in excess of that of males, the highest percentage of 
males being 40.86 per cent and the lowest 22.59 per cent ; the per- 
centage for the total of 1014 individuals being — ^males 26.13 per cent 
and females 73.87 per cent. 

Mating . — From the experimental host stocks on which parasite 
eggs had been laid at approximately the same time, males invariably 
emerged first, the subsequent emergences being a mixture of the two 
sexes right up to the last mergence, the life-cycle of the nmle being 
shorter tlian that of the female. Under normal conditions, however, 
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there is a general overlapping of the various broods, so that individuals 
of both sexes are always present in the cultures. 

A series of tests indicated that both males and females will 
copulate within an hour ^ter first emergence. 

If an unfertilized female is placed in a Ismail tube one inch in 
length, together with a male, both may run around the tube for some 
hours or rest immobile a short distance from one another, the sexual 
stimulus apparently not being effective unless the two individuals hap- 
pen to meet. When they do meet the male becomes greatly excited and 
pursues the female around the tube vibrating his wings rapidly, both 
running, and flying, in pursuit. 

The male suddenly jumps upon the back of the female and runs 
forward onto her thorax, ceasing to vibrate his wings, and commences 
to play his antennae over those of the female. If not desiring copula- 
tion the female will continue to run around the tube, but if unfertil- 
ized she will stop and a few moments after the antennal contact will 
lower the anterior abdominal stemites. The male almost immediately 
moves back and grasping the upper sides of the female abdomen firmly 
with the legs, brings the abdomen down beneath that of the female ; 
then vibrating his wings in order to retain this position, he inserts the 
tip of the abdomen anteriorly into the genital aperture of the female; 
tliis being accessible only when the female lowers the anterior stemites. 

Several times it was noted that, in the preliminary maneuvers, the 
antennae of the male at no time came in contact with those of the 
female but are played about just in front of the latter, nevertheless 
the final result was the same. 

The time occupied in actual sexual contact varied from five to 
eight seconds — 8, 7, 6, 5, 6, 6, 8, 6, and 8 seconds being the times 
recorded for nine pairs. 

After copulation the female rests motionless on the side of the 
tube but the male soon commences to run actively around the tube 
again and on coming in contact with the same female from time to 
timie, jumps upon her back and repeatedly attempts copulation, but 
the female always runs off and a second contact is never effected. 

Females known to have been fertilized shortly after emergence, at 
various times throughout their adult life were removed, from infested 
grain where they were ovipositing in the absence of inales, and were 
confined with males in tubes but they never displayed any sexual 
interest ; more than one sexual contact was never observed. 
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Prom a sing-le sexual contact lasting 6 seconds, a female produced 
a total of 327 progeny of which 246 or 75.23 per cent were females, 
the very last emergences being females. A second female produced a 
total of 324 progeny of which 239 or 73.77 per cent were females. 


Pre-oviposition Period 

Fertilized and unfertilized females placed in with infested grain 
on the day of first emergence were never observed to oviposit, but 
moved slowly about the grain, resting immobile for long periods. The 
day following emergence, however, there was greatly increased 
activity, all females ovipositing freely so that there appeared to be a 
pre-oviposition period of 24 hours. 

A female dissected immediately on emergence showed a number of 
eggs developing but none approaching maturity. Six hours after 
emergence several eggs were found approaching maturity, but not yet 
quite full size. Dissection of a female 24 hours after emergence 
showed the presence of several mature eggs, while the dissection of a 
female kept isolated in a tube for 48 hours after emerging, revealed 
the presence of 21 mature eggs, the results bearing out the general 
observation on the necessity of a pre-oviposition period in order to 
permit egg maturation. 

Oviposition . — When contemplating oviposition the female crawls 
slowly over the grain containing host larvae, playing the tips of her 
antennae continuously over the grain surface. In these, numerous 
sense organs have been shown to be located and with their aid she 
isolates an infested grain. She then becomes motionless, elevates the 
entire body temporarily, and deflects the abdomen into a position at 
right angles to the horizontal, bringing the tip into contact with the 
grain surface, the ovipositor thus being automatically carried down. 
The antennae are now held high above the grain surface, more or 
less motionless. The tip of the ovipositor is then pushed slightly into 
the grain and the abdomen is drawn back into its normal position, the 
ovipositor, being thus drawn out from beneath its guards becomes 
visible for the first time as a fine rod passing down from the base of 
the abdomen and being more or less at right angles to it. 

Having obtained a firm grip on the grain with all six legs, the 
female endeavors to pierce it with the ovipositor. If the host larva 
within the grain is maturing it will have eaten out the greater part of 
the grain contents leaving only a thin outer shell, which the parasite 
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has little difficulty in penetrating*; but when the larva is less mature, 
the grain to be penetrated is therefore much thicker and the para- 
site may experience considerable difficulty, often making numerous 
attempts in various places before succeeding in piercing the grain. 

Having penetrated the grain and reached the host larva, the 
parasite may immediately deposit an egg or she may paralyze the 
larva prior to ovipositing. The time spent on the grain may thus be 
only a few minutes, or it may be as long as an hour. 

This preliminary paralization of the larva invariably precedes 
oviposition in the experimental parasitization of exposed larvae and 
the details can here be more easily observed. 

On coming in contact with the exposed larva, the female parasite 
immediately springs upon it. The larva twists and turns violently in 
an effort to dislodge the parasite and usually fails. The parasite then 
runs the tips of the antennae over the surface of the larva, until she 
locates an intersegmental zone. She then inflexes the abdomen and 
places the ovipositor in position just as when about to penetrate 
the grain. 

In a maturing larva the female may experience considerable diffi- 
culty in penetrating the epidermis, the ovipositor sometimes bending 
in the middle when the pressure is applied and sliding off the surface 
of the larva. At other times the upper surface of the host larva may 
be forced down onto its ventral surface before the integument is pene- 
trated ; entry is being accomplished in the intersegmental zone, where 
the integument is thinnest. 

Immediately after penetrating the host larva, the parasite com- 
mences to force in the paralyzing fluid. If the container be held before 
a light, the drops of liquid can readily be seen passing down the 
ovipositor. At the same time the female continues to force the ovi- 
positor deeper down into the larva and it can be seen clearly within 
the body of the larva. When finally inserted to its full length, the 
stylets are forced out beyond the tip of the stylet sheath and are 
extended, together with the sheath, into the anterior and posterior 
segments, thus ensuring a general and rapid distribution of the 
paralyzing fluid. 

The larva becomes motionless shortly after the liquid begins to 
enter its body but the parasite continues to force in more liquid. The 
time the ovipositor was imbedded varied from four to ten minutes, and 
several times the parasite was observed to penetrate the larva a second 
time, though it had remained quite motionless. 
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Pollowing* the ovipositor as it is withdrawn, a fine grayish strand 
of semi-liquid gelatinous matter from the wound projects from the 
body surface, the barbs on the ovipositor sheath apparently helping 
to draw out this material, which is part of the ordinary haemocoele 
contents. Almost immediately the parasite turns around and begins 
to feed on this strand. All the mouthparts are extended downward ; 
it crushes the solid matter with the mandibles and absorbs the liquid 
material. It may feed on this strand for periods ranging from 45 
minutes to one hour and a half, all this time being practically motion- 
less with the abdomen resting flat down in contact with the surface of 
the larva. During this period a very noticeable amount of the host 
larval body contents may be drawn out through this puncture so that 
it becomes quite flaccid. Even after many eggs have been laid on a host 
larva, the sarnie i)arasite has been observed to pierce the integument 
and feed on the body fluids. 

In lar\"ae within the grain, which are large and consequently near 
the surface, a similar process may take place ; the parasite, after 
piercing the larv^a, withdraws the ovipositor and with it part of the 
host body contents which have become attached to it, through the sur- 
face of the grain; this the parasite immediately begins to consume. 
Apparently in the case of some smaller larvae more deeply imbedded, 
paralyzation never occurred, the parasite pausing only long enough 
to deposit an egg. 

The process of oviposit ion can be more readily observed on exposed 
lai^^ae. The female parasite brings the ovipositor down into the 
vertical position just as in x>aralyzation, but, instead of piercing the 
larva, the ovipositor point slides off and extends down into a ventral 
position, the abdomen being also slightly depressed, the head and 
thorax being maintained in their normal position on the dorsal surface 
of the larva. 

The stylets are seen to be extended out beyond the end of the 
sheath. The parasite remains more or less motionless moving the 
abdomen slightly from side to side and a few moments later the egg 
is emitted. The egg passes down the ovipositor and emerges just 
before the point where the sheath fuses to a soUd point. The narrow 
pole appears first but the entire egg becomes visible almost imme- 
diately and slides at least part of the way down the extruded stylets 
onto the surface of the host larva, to which it becomes lightly attached, 
being aided by the fine spines on the chorion. 
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Occasionally an egg may become stuck on the ovipositor; it is then 
brushed off with the aid of the hind legs. The female sometimes 
pauses for a few moments to orient the egg with the tips of the stylets, 
but just as often retracts the ovipositor to the position of rest and 
crawls off onto the side of the jar. 

Practically all eggs are deposited in a ventral position, the ovi- 
positor being frequently curved round to reach the underside of the 
larva, but this does not seem to affect the passage of the egg. The 
total time occupied in depositing an egg varied from about ten seconds 
to a minute or miore, the eggs being generally laid singly, though as 
many as three have been seen to be deposited within a minute. 

Normally the parasite on laying an egg crawls off onto the side of 
the jar for several minutes and then returns to deposit another egg, 
doing this four or five times and then resting for a few hours before 
depositing others. 

The daily deposition of eggs varied considerably. One female, 
which deposited a total of 76 eggs on an exposed larval host-, laid 4 
eggs the first day, followed by 8, 7, 14, 11, 2 and 15 on subsequent 
days. Another laid a total of 79, 18 being laid on the first day of 
oviposition, followed by 21, 18, 12 and 10 on subsequent days. Another 
female laid 19 eggs in a period of six hours. 

A female confined with infested grain oviposited for 12 days and 
327 progeny emerged — a minimum daily average oviposition of 27.25 
eggs per day. Another oviposited for 19 days and 324 progeny 
emerged — a minimum daily average oviposition of 17.05 eggs. 

Period of oviposition . — Oviposition commenced the day following 
emergence and usually continued until one or two days preceding 
death. The average period of oviposition of six females was 17.5 days 
with a minimum of 12 days, and a maximum of 25 days. 

Total eggs deposited by single female . — Three females were pro- 
vided with an unlimited supply of infested grain and the numbers of 
progeny emerging were counted, thus obtaining a minimum figure 
for the total oviposition. No allowance was made for non-fertile eggs, 
larval mortality, or for the deposition of more than one egg on a single 
host. The total progeny reared fromi the various females were 327, 
324, and 270. 
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Superparasitism 

It has been found to be quite a common occurrence for a female 
parasite to deposit on a single host larva a number of eggs greatly in 
excess of the number which could possibly mature, even if available 
food were the only consideration. Individual females have been 
observed to deposit 18, 19, 23, and 32 eggs respectively on individual 
host larvae in petri dishes, although there were other host larvae in 
the dish at the time. The stimulus to oviposit outweighs all other 
considerations: the parasite continues to deposit eggs on the same 
larva even after the first-laid eggs have hatched, frequently crushing, 
in her eagerness, both eggs and larvae. Conditions in a petri dish 
are not natural, but grain dissections showed that superparasitism 
was quite common, 16, 14, 9, 6, 4, 5, and 3 parasite eggs beir^ 
dissected from grains containing single host larvae. 

In these same dishes many grains contained unparasitized host 
larvae. Female parasites were apparently unable to distinguish 
between host larvae parasitized within the grains, females being 
observed to oviposit in grains which, on dissection, revealed the 
presence of a maturing parasite larvae, together with host larval 
remains ; while the dissection of the grains revealed the presence of 
a number of parasite larvae only one of which could mature, the 
others being still in the early larval stages, yet already dead or dying. 

As it was known that generally only one parasite matured and 
emerged from any one grain, experiments were undertaken to deter- 
mine the fate of the others in cases of superparasitism. The first 
parasite larva on hatching has been shown to crawl actively over the 
host for some time prior to feeding, destroying any other eggs or 
larvae with which it happens to come in contact. The young larva 
appeared to crawl about in a haphazard manner, coming upon the 
various eggs and larvae by chance. This was very obvious in petri 
dishes, where two small parasite larvae have been observed crawling 
over the host and finally meeting, both being apparently surprised and 
momentarily retreating, then returning to attack one another. The 
first larva to succeed in oibtaining a grip on the other at the side in 
any of the thoracic segments invariably destroyed it; for being 
grasped in the thoracic region renders the victim impotent, as it is 
then unable to inflex the head to reach its attacker. 
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With its sharp point-ed mandibles the attaeker pierces the delicate 
integument of the victim ; the latter may elevate the anterior segments, 
thus lifting the attacker temiporarily into the air, but the latter never 
releases its grip and the victim soon gives up the struggle. The 
attacker then buries the head deeper within the victim and feeds on 
its body contents, sometimes leaving only the shriveled integument, 
sometimes crawling away after feeding for only a few moments. 
Occasionally it returns to the dead larva and may then penetrate the 
integument on any of the body segments and begin to feed. Eggs are 
destroyed in a similar manner, part of the contents being devoured. 
Size is not an advantage in this preliminary struggle, the parasite 
larva being most active shortly after hatching, and thus quicker to 
obtain a grasp of the larger and more sluggish individual. 

The fate of ten such larvae, all of which hatched within a. short 
time on a host larva, was as follows: Larva x destroyed four larvae; 
larva y destroyed two, then came into contact with x and destroyed it, 
X having fed freely and so proving a ready victim. Larva z meanwhile 
destroyed one larva, came in contact with y and destroyed it ; larva z 
being thus the sole survivor, penetrated the host larva and began to 
feed upon it. 

That one first-stage larv^a does not always destroy all the other 
larvae on the host was also demonstrated. Two advanced larvae have 
frequently been found feeding at the opposite ends of the same host 
larva. With the increase in the size of the two parasite larvae and 
the corresponding decrease in the food supply, the two are brought 
closer together, eventually meeting, whereupon one destroys the other. 

That the two sometimes fail to meet was shown from two grain dis- 
sections, from one of which three mature parasite larvae were obtained, 
two of average size and one very small, but all passing into the pre- 
pupal stage ; the two larger ones subsequently emerged as adults, the 
smaller one died. 

In the second case a parasite pupa was dissected, together with a 
mature parasite larva, from a grain containing the remains of a single 
host larva. In both these cases the original host larva Was so large 
that the parasites were able to mature without coming in contact with 
one another. This destruction of one parasite larva by another of the 
species seems to be the general rule with solitary parasites. 

Voukassovitch (1927) states that a female of Babrocytus spp. 
oviposits on larvae of braconids in Serbia, such as Apanteles spp., 
within their cocoons. The larvae on hatching move actively about on 
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their host for several hours, feediugr at inten^aJs before becoming' fixed. 
During this active period they kill, apparently hy aVV 

the other eggs and larvae, either of their own or other species they 
encounter. Hahrocytus hedeguaris Thoms, and Torymus macropterus 
Wlk. oviposited on the larvae of Rhodites rosae and OUgesthenus 
stigma and also on the larvae of their own species in galls of R. rosae, 

Rimsky-Korsakov (1914) reared Homoporus vassilievi Ashm. as a 
parasite of Isosoma eremitum var. nodale. The egg was laid, not on 
the larva of the host, but in the wall of the stem in that internode in 
which the larva of 7. eremitum is present. 

After hatching, the larvae crawl for one or two days over the body 
of the host and then destroy one another, the surviving larva killing 
the host. It was stated earlier that female parasites were several times 
observ^ed to oviposit in grains in which a parasite larva was already 
maturing and in which the available food supply was exhausted. 
Larvae hatching from such eggs wwild sometimes die of starvation. 
In two cases, however, the writer dissected out mature parasite larvae 
on which first-stage larvae w’^ere feeding. 

A number of first-stage parasite larvae placed on mature parasite 
larvae in petri dishes invariably ate through the integument and 
began to feed. The mature larvae normally twist and turn consider- 
ably, however, with the result that soonor or later the young parasite 
is crushed on the floor of the petri dish; within grains they would 
doubtless be destroyed in a somewhat similar manner. 

The mature larv^a is unable to inflex the body sufficiently to attack 
the small larva with the mandibles, but should the young larva happen 
to crawl across the head of the mature lar\^a, as it sometimes does, it 
would be immediately pierced by the mandibles of the mature larva 
and destroyed. 

One larva which was successfully reared on a mature larva from 
the time of hatching, finally destroyed it. This larva was much smaller 
than the larva on which it had fed and the resulting adult was also 
undersized, yet it does seem possible that on rare occasions this may 
occur naturally within the grains, although parasite adults could never 
be induced to oviposit on mature larvae of the species confined in 
small tubes. 
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Stages of the Host Pjummm> 

The larval stages of the host, from an early stage in development 
right up to pupation, can be parasitized, but no eggs were ever 
deposited on host pupae. 

Host pupae of various ages were confined with parasite females in 
small tubes but on one occasion only did the parasite female display 
any interest. The pupa in this case had just pupated, the chitin being 
still soft and white. The female parasite immediately sprang upon it 
and inserted the ovipositor into the abdomen between two of the 
segments, later withdrawing it so as to feed on the extruded contents. 
This process was repeated a number of times during the day, until 
the pupa became quite flaccid and finally died, but the parasite 
deposited no eggs upon it. There did appear to be a preference for the 
more mature host larvae, very small larvae offering an inadequate 
food supply. 

Of a total of 170 infested grains containing parasitized hosts which 
were dissected, 123 or 72.35 per cent of the total contained parasites 
together with host larvul remains, while the remaining 47 or 27.65 
per cent contained parasites together with host pupal remains, the 
latter were invariably dead and shriveled. In a number of the grains 
parasite larvae were seen feeding on these host pupae. 

It seems probable that where parasite eggs are laid on mature host 
larvae in the absence of preliminary paralyzation, the host larva may 
pupate in spite of the parasitization, the young parasite lar\"a being 
able to eat into the pupa while its chitinous covering is still soft, 
finally destroying it and usually pupating, lying partly enclosed in 
the pupal remains. That this does take place at times was shown 
experimentally by using host larvae dissected from grain and placing 
parasite eggs on them just prior to pupation. 

The Egg Stage 

Immediately after deposition the contents of the egg are homo- 
geneous, but as development progresses an oval, greenish zone of dense 
protoplasmic material can be seen in the central region of the egg 
(fig. 19). 

With the progress of incubation, the general outline of the develop- 
ing larva can be distinguished and it is seen no longer to occupy the 
entire egg; a small area at the anterior and posterior poles, as well 
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as an elongate zone along the concave or dorsal side of the egg being 
quite clear and transparent in contrast with the general grayish green 
color of the rest of the egg (hg. . 

The chorion in these three clear regions then shT\ve\s 
degree, thus decreasing the total length of the egg. The egg at its 
widest point still remains approxiihately the same, being entirely 
occupied by the head of the developing larva. The egg decreases from 
an average length of .509 mm. at deposition to an average of .478 rnni. 
just prior to eclosion. 

A few hours preceding emergence the fully developed larva can be 
vaguely seen through the chorion of the egg. Segmentation is faintly 
discernible and the larva can be seen twisting and turning within the 
egg. The chitinous mandibles can be seen and with these the larva 
tears a small hole in the end of the egg. This usually takes some little 
time and is generally made at one side of the egg near the cephalic 
pole. Sometimes, however, the larva eats its way out directly through 
the shriveled egg tip. Through the first small aperture made by the 
mandibles, the rounded, tubular area surrounding the mouthparts is 
forced out and the la.rva then proceeds to exert pressure until the 
chorion mechanically tears sufficiently to permit the larva's escape. 
The shriveled egg shells persist and are frequently found attached to 
the host larval remains and not infrequently attached to the integu- 
ment of mature parasite larvae dissected from wheat grains. 

The incubation period varied from 31 to 35 hours at a temperature 
of from 75° F to 77^ F. 


The Larval Stages 

The outstanding lar\^al morphological characters have been dis- 
cussed earlier. 

The larva on hatching is very active and crawls around for a short 
period before feeding, this period being as long as two hours in the 
ease of eggs hatching on host lar\^ae in petri dishes. Under these con- 
ditions, too, it seems to have limited ability to find the host ; larvae 
hatching from eggs a few millimeters away from the host larva, fre- 
quently crawl off in the opposite direction and eventually die of 
starvation. 

During this preliminary active period, the young larva destroyed 
all other eggs and parasite larvae with which it came in contact. The 
larva then settled down and ate a hole through the integument of the 
host larva, through the mouthparts and the rounded, elevated area 



844 University of California Puhlicatians in Entomology V^oh. 5 


surrounding them, becoming all the while more or less buried in the 
host. It then began to feed by sucking out the liquid contents of 
the host. 

Prior to feeding, the head is the most conspicuous part of the larva, 
being wider than any of the body segments. The alimentary canal 
can be seen as a narrow greenish colored central zone visible down to 
the base of segment ten. 

A common median ventral salivary gland is present which divides 
into two branches in the first segment within the base of the tentorium, 
one branch passing along each side of the alimentary canal. Soon 
after beginning to feed, the alimentary canal and the body segments 
begin to increase rapidly in size, the width of the head remaining the 
same until just before passing to the second stage, when the head is 
visible as a tiny structure, neither as wide nor as deep as the body 
segments, which at their broadest point are about twice the width of 
the head, and so greatly distended that it is difficult to distinguish 
the segmentation ; the alimentary canal now occupies about two-thirds 
of the total width of the body. 

The lar\^a then moults, temporarily ceasing to feed but not neces- 
sarily changing its position, the skin splitting anteriorly and being 
slowly worke<l back along the body segments. The cast skin is very 
delicate and difficult to distinguish. 

The second-stage larva may begin to feed upon the host before the 
cast skin has completely passed off of the posterior segments; indeed, 
it frequently remains as a fine pad on the ventral surface of the larva. 
The second-stage larva is more grayish green in general color and is 
now arched in outline, as opposed to the straight first-stage larva. 
There has been a considerable increase in the width of the head but 
the lar\^a is broadest in the median abdominal segments sloping toward 
both ends, and tlie head is in much closer alignment with the rest of 
the body. The segments are very convex in outline and the larva is 
rather flaccid, indicating the extensive provision for increase of size 
in this stage. The integument is no longer produced into a tubular 
area surrounding the mouthparts. 

With the intake of food the larva of this stage increases rapidly in 
size, and becomes more arched, its length finally being about twice 
that of the mature first-stage larva. During this stage the alimentary 
canal begins to be surrounded by fat body. 

The larva then moults in a manner similar to stage I, the cast skins 
of both stages I and II occasionally being found adhering to the 
ventral surface of the third stage. 
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Except for an increase in the width of the head and in the total 
length, the third-stage larva is very similar to stage II, being slightly 
more arched in outline and darker in color. 

With the moulting of the third skin the larva enters on the fourth 
and final larval stage, an increase in the width of the head again being 
evident. The main features of this stage have been described under 
Morphology. It is more arched than in the previous stages, and varies 
from pale to dark gray in color. Sometimes the host larval remains 
turn black before the larva reaches maturity and the intake of these 
darker contents into the alimentary canal of the parasite larva tends 
to give an even darker color. 

The narrow oesophagus passes down to the mouth in the ventral 
surface of the head and then back to the fore-intestine, which widens 
out to the mid-intestine, a huge globular sac occupying the greater 
part of the mature larva and more or less hidden by the dense layer 
of fat body surrounding it. On dissection the salivary glands are 
found to be very powerfully developed, passing backwards along each 
side and terminating just beyond the end of the mid-intestine, then 
passing forward to form a single fine duct which passes into the mouth 
ventrally (fig. 27). 

In all the larval stages there is considerable variation in the feeding 
habits. Frequently the larva does not move from the original feeding 
position between moults and it may remain in the one position during 
the greater part of the larval period. On the other hand, it may 
change the feeding position frequently. Often the maturing larva 
becomes very restless and changes its feeding position many times 
during the last few hours before it leaves the host remains, which have 
by this time generally been reduced to a flaccid, shapeless mass. 

Throughout larval life no waste matter is voided, all this being 
stored up in the mid-intestine until after the parasite larva has left 
the host ; the hind-intestine is represented by a fine tube leading from 
the mid-intestine to the anus, there being at this time no opening 
between the hind- and mid-intestine. 

Several times, maturing parasite larvae on being touched, have 
been observed to void clear drops of liquid from the anus, so that the 
anal aperture is evidently present at least during the late larval stages 
and certainly sometime before the oi)ening between the mid- and the 
hind-intestine. 

Length of the larval period, — ^The time required to pass through 
the larval stage at from 75® F to 77° P varied from 3.5 to 4.5 days, 
with an average of 3.75 days. 
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Time spent in the various larval stages, — ^Parasite larvae were 
kept under observation on exposed host larvae throug'hout their entire 
life and the times at which moults occurred were in a number of cases 
accurately checked at a temperature of from 75° F to 77° F. Two 
such cases are quoted below: 



Stage I 

Stage II 

! 

Stage III 

Stage IV 
up to 
ti me of 
leaving 
host 

Total 

larval 

life 

Larva number 1 

hours 

29 

29 

hours 

27 

27.5 

hours 

20 

17.5 

hours 

20 

23 

hours 

96 

97 

Larva number 2 



Amount of growth in the various larval stages, — A series of 
m,easurements of these larvae taken before and after each moult ^ave 
the following results : 



Width of 
head 

Length of 
larva 

Width of 
body at 
widest 
point 

Larva No. 1 Stage I at hatching 

. 132 mm. 

.409 mm. 

. 128 mm. 

Stage I on maturing 

.132 mm. 

.630 mm. 

.221 mm. 

Stage II on maturing 

.204 mm. 

1.123 mm. 

.425 mm. 

Stage III on maturing 

.289 mm. 

1.700 mm. 

.579 mm. 

Stage IV on maturing 

.374 mm. 

2.350 mm. 

.800 mm. 

Larva No. 2 Stage I at hatching 

.132 mm. 

.409 mm. 

.128 mm. 

Stage I on maturing 

.132 mm. 

.596 mm. 

.187 mm. 

Stage II on maturing 

.196 mm. 

.902 mm. 

.392 mm. 

Stage III on maturing 

.272 mm. 

1.5 mm. 

.477 mm. 

Stage IV on maturing 

.374 mm. 

2.4 mm. 

.766 mm. 


The lengths of the mature larvae in this table are below the average 
but the figures nevertheless give a very fair idea of the proportional 
development in the various stages. 

Influence of food deficiency, — It was frequently noticed that a 
certain number of minute individuals of both sexes appeared in the 
cultures, whose life-cycles were frequently much longer than life- 
cycles of individuals of normal size. 

Investigation showed that these minute adults were the progeny 
hatched from eggs deposited on small host larvae, the diminutive size 
of the parasite being the result of an inadequate food supply. 
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Normally the parasite larva appears to ration the food supply through- 
out its life if the original host larva is small, and is thus able to 
complete its life-cycle in the normal way. 

In the case of parasites reared on exposed larvae in the petri dishes, 
the host food supply sometimes became exhausted or unsuitable for the 
parasite larvae as early as the close of the third larval sta^e. Never- 
theless, such larvae moulted, passed through the fourth stage with an 
absence of food, and finally emerged as adults. As it had no food 
during the fourth larval stage, it apparently drew upon the stored 
up fat body and was thus able to complete its meta.bolic processes; the 
time required to do this being very much longer than was required to 
complete the cycle where a normal food supply was available. This 
period was longer mainly because of a greatly extended pre-pupal 
period, which was as long as seven days at a temperature of from 
75° F to 77^ P, the resulting adult always^ being smaller than the 
average size. 


Pre-pupal. Stage 

After maturing, the parasite larva crawls around actively for some 
hours, resting immobile for varying, periods. Within the grain its 
range of movement is limited to the hole previously eaten out within 
the grain by the host larva. Sometimes this is not extensive and the 
parasite is forced to go through its subsequent changes lying partly 
on the host remains, though it does appear to try to get as far away 
from these as possible. 

Some hours after the food supply has been left behind, the passage 
between the mid- and hind-intestine oi)ens and the larva begins to void 
considerable quantities of brownish black, semi-liquid waste matter. 
As it does so, it gradually becomes paler in color and also shorter and 
less active. Finally it comes to lie on its back with the anterior and 
posterior segments conspicuously arched. In this position it voids 
the remainder of the waste matter and becomes quite white and 
immobile, having passed into the pre-pupal condition. 

Changes from larval to pupal stage. X 55. 

Fig. 37. Mature larva, ventral view. 

Fig. 38. Mature larva passing into prepupal stage. 

Fig. 39. Mature larva passing into prepupal stage. 

Fig. 40. Prepupa. 

Fig. 41. Head of pupa protruding from the larval skin; md, mandible of larva. 

Fig. 42. Pupa: L, remains of larval skin. 
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The larval segmentation becomes indistinct and the pre-pupa 
becomes differentiated into two regions, an anterior narrower region, 
and a posterior oral portion which corresponds to the body of the 
pupa. Under the microscope the general outline of the pupa can now 
be seen within the skin of the pre-pupa, the last larval segments being 
unoccupied. The larval skin splits anteriorly and the head of the 
pupa projects. The pupa now exhibits slight movement and the larval 
mandibles can be seen passing down over the posterior segments as 
the larval skin is slowly worked back until it comes to lie as a tiny 
shriveled mass attached to the last segment of the pupa (figs. 37-42). 

The time elapsing between the larva ^s leaving the host and its 
pupating at a temperature of from; 75° P to 77° P varied from 1.5 
days to 3 days, with an average of 2.5 days. 

No cocoon is constructed. 


The Pupal Stage 

Immediately after emerging from the pre-pupal stage, the pupa is 
white in color, but the position of the eyes and of various appendages 
can be distinguished, though they are very closely fused to the body 
surface. Within a few hours the pupa turns a very pale amber color 
and the appendages stand out more clearly. 

The pupa slowly becomes more deeply pigmented, the eyes, ocelli, 
and the tips of the mandibles become quite black, while the thorax is 
still dark brown with the abdomen a much paler shade. Pigmentation 
progresses steadily until about 24 hours preceding emergence; the 
rate of pigmentation during this latter period is intensified, the pupa 
becoming a deep black and assuming the appearance of the adult. 


Emergence of the Adult 

Finally the pupa emerges within the grain. It eats its way out by 
cutting an irregular circular hole in the grain with its strong toothed 
mandibles. The head projects first through the hole and the parasite 
endeavors to crawl out. Sometimes it finds the hole it has eaten out 
is not suflSciently large whereupon it retreats into the grain and pro- 
ceeds to bit off further pieces of the grain surface. After its emerg- 
ence from the grain the antennae are often stiU covered with the thin 
sheath of the pupal stage and these are removed with the aid of 
the front feet. 
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The length of the pupal stage at from 75° F to 77°F varied from 
5 days to 6.5 days, the pupal period for males being from 12 to 24 
hours shorter than for females. 


Length op Life-Ctclb op the Parasite 

The average length of the life-eycle of 214 individuals at a tem- 
perature of from 75° F to 77°F was 13.25 days with a minimum of 
12 days and a maximum of 16 days. All the individuals emerging on 
the twelfth day were males, the shorter life-eycle in the male being 
mainly accounted for by the shorter pupal period. 

In an individual with a life-cycle of 14 days the various stages were 
as follows : 


Egg stage 1.5 days 

Larval stage 4.0 days 

Pre-pupal stage 2.5 days 

Pupal stage 6.0 days 

Total 14.0 days 


With a decrease in temperature the life-cycle becomes correspond- 
ingly increased. A large jar of com containing both host and parasite 
was placed in a room at 48° F on Septemjber 9, 1930, and was kept there 
for 132 days. The jar was then transferred to a temperature of 76° F. 
On inspection ten days later it was found that considerable nunrbers 
of parasites had emerged and later, host adults commenced to emerge. 
These parasites were probably in various stages of development at the 
time they were subjected to the lower temperature, so that the mini- 
mum life-cycle was greater than 132 days. The subjection of infested 
grain to this lower temperature provided a convenient method of 
keeping stocks of both the host and parasite available for long periods. 


Lipe-Cycle op Host 

The average life-cycle of 141 Angoumois grain moths at a tem- 
perature of from 75° F to 77° F was 46.68 days, with a minimum of 
33 days, and a maximum of 70 days. 

The average life-cgrcle of the parasite was over three times as rapid 
as that of the host at similar temperatures. 
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SUMMARY 

Habrocytus cerealeUae (Ashm.), which belongs to the hymenop- 
terous superfamiily ChalddoideOi family Pteromalidae, and the sub- 
family Pteromalinae, was originally described as Catolaccus cerealeUae 
by Ashmead in 1902. 

The adult female parasitizes the larvae of the Angoumois grain 
moth, Sitotroga cerealella (Olivier), within infested grain. 

Biological and morphological studies of the parasite have been 
carried out under laboratory conditions at Berkeley, California. 

It was found that the parasite would oviposit on host larvae 
dissected from the grain and in this way it was possible to watch the 
development of the parasite throughout its entire life-cycle. 

The length of life of adults varies considerably with varying 
conditions. They readily feed on sweetened solutions, a fact which 
adds to their length of life. 

Females live longer than males under all conditions. At a tem- 
perature of from 42° P to 46° F some females lived more than 60 days. 

Parthenogenetic reproduction occurs. 

The total of the progeny of four fertilized, femiales was 1014, of 
which 26.13 per cent were males and 73.87 per cent females. 

Mating may occur within an hour after emergence and lasts from 
five to eight seconds; only one sexual contact occurs between the 
same pair. 

There is a pre-oviposition period of 24 hours. 

Three hundred and twenty-seven, 324, and 270 adults respectively 
were reared from eggs deposited by individual fertilized females. 

The female pierces the infested grain with her ovipositor and fre- 
quently paralyzes the host larva before ovipositing on it ; it may feed 
on the liquid which exudes through the wound. 

The eggs are laid singly but superparasitism is quite cony^aon, as 
many as 16 eggs having been found on a single host larva within the 
grain and as many as 32 on exposed larvae. 

Only one adult usually emerges, the first larva to hatch generally 
destroying the remaining eggs and larvae. 

In several instances two parasites were reared from single host 
larvae. 
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Freshly hatched parasite larvae will feed on mature parasite larvae 
and one individual was experimentally brought through its entire 
life-cycle feeding only in this manner. 

The period of oviposition varied from twelve to twenty-five days. 

Four larval stages were distinguished ; there was a well marked 
pre-pupal period. 

At a temperature of from 75° F to 77° F the incubation period 
varied from 31 to 35 hours, the larval period varied from 3.5 to 4.5 
days, the pre-pupal period varied from 1.5 to 3 days, and the pupal 
period varied from 5 to 6.5 days. 

The average life-cycle of 214 individuals at a temperature of from 
75° F to 77° F was 13.25 days with a minimum of 12 days and a maxi- 
mum of 16 days; the life-cycle of the male being slightly less than that 
of the female. 

At the same temperature the average life-cycle of 141 host indi- 
viduals was 46.68 days, with a minimum of 33 days, and a maximum 
of 70 days. 
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CONTEIBUTION TOWARD A REVISION 
OF THE AMERICAN SPECIES OF 
AMITERMES SILVESTRI 


BY 

S. F. LIGHT 


In two recent papers I have described eight new American species 
of the genus Amitermes Silvestri, four from California (1930a) and 
four from western Mexico (19306). These made a total of twenty 
species recorded from the Americas, nineteen in the type subgenus. 
Ten new species are described in the present paper while two others 
are reduced to synonomy, leaving a total of twenty-eight American 
species of Amitermes Silvestri as listed below. 

Since the previous papers I have spent several months in and near 
the Coachella Valley, the narrow northern end of the extension of the 
Colorado Desert into southeastern California, in connection with the 
program of the Termite Investigations Committee. Here, within an 
area not more than twenty miles in diameter, are to be found seven of 
the eight very distinct species of this genus described in my paper on 
the California species of Amitermes (1930a^) and much important 
information and material has been accumulated. 

Through the kindness of Professor Alfred E. Emerson, of the 
University of Chicago, I have recently had the privilege of studying 
a small but important collection made by F. M. Gaige in the Fort 
Davis quadrangle in Texas, chiefly at Phantom Lake, during July 
1916. The presence of several nest series, including alates, makes 
these collections especially important. Professor Emerson has further 
sent me for study paratype and cotype material of several South 
American species. 

In addition to these collections, Doctor T. E. Snyder, of the United 
States Bureau of Entomology, has kindly allowed me to examine cer- 
tain collections made subsequent to the publication of Bulletin 108 
(Banks and Snyder 1920) and also some of the materials upon which 
were based the descriptions and distribution records given there. 
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A recent trip into southern Nevada for the Termite Investigations 
Committee made possible collections which have extended the known 
range of several species and produced the first physogastric queen 
{A, coachellae Light) taken in North America, as well as the hitherto 
unknown alates of that species (Light 1931). Collections of alates 
by Mr. R. W. Burgess, of the United States Department of Agricul- 
ture, at Coachella, Mr. L. F. Strehlke, in Palm Springs, and Mr. C. T. 
Lady, near Coachella, have produced the alates of two other species, 
A, minimus n. sp. and A. emersoni Light respectively, and two collec- 
tions made by Mr. W. L. Bennington, of Calexico, added a hitherto 
unknown alate described below as A. vnagnoculus n. sp. as well as very 
interesting information as to time of swarming. A number of alates 
very recently received through the kindness of Professor W. B. Herms 
and collected by D. F. Macpherson at Beaumont represent still another 
new species, A. fmcus. Finally, the American Museum of Natural 
History has kindly sent me for study what seems to be a cotype or 
paratype of A, wheeleri Desneux which aided in establishing the 
identity of that species, and Dr. II. Schmitz, S. J., Curator of the 
Museum Wasmannianum, in which Padre Wasmann^s collections are 
deposited, has kindly sent me two paratype soldiers of A. foreli for 
study. I have had at hand, therefore, authentic material of all the 
previously described American species. 

The study of the California species in the field and in laboratory 
cultures has given new information as to their life-cycles, behavior, 
and distribution, and a study of the new California and Nevada mate- 
rial and the collections received from Doctors Emerson and Snyder 
and from the American Museum has cleared up several taxonomic 
tangles and made possible the description of several hitherto unknown 
alates and ten new species. It has seemed worth while to publish this 
information, incomplete as it is, in the hope of encouraging further 
study of these extremely interesting termites. The rich finds both in 
western Mexico and southeastern California indicate that careful col- 
lecting in our southwestern border states, particularly in Texas, 
Arizona, and New Mexico, will bring to light numerous new and 
interesting species as well as important information regarding the 
distribution and habits of known species. 

Types have been sent to the U. S. National Museum and para- 
types and cotypes are in the collections of Professor A. E. Emerson, 
of Professor F. Silvestri, of the California Academy of Science, and 
in my own collection. 
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The genus Amitermes was established by Silvestri (1901) in his 
preliminary paper on termites and termitophiles of South America 
and the name was so used by Wasmann (1903). Silvestri retained 
this spelling in the earlier, systematic portion of his full report (1903) 
but changed it to Hamitermes in the later, biological portion of the 
same paper (1903) and the latter spelling was used by Holmgren 
(1912) and others. I follow Banks (1920) and Emerson (1925) in 
retaining the original spelling of the genus. 

The genus was considered by Holmgren (1912) to include six 
subgenera. Of these, but two, the type subgenus Amitermes and 
Synhamiiermes Holmgren, have been reported from the Americas, the 
latter with but a single species, 8, brevicorniger Silvestri from Chile. 
The other American species (see list below) have heretofore been 
included in the type subgenus. Decisions as to generic delimitation 
must await the results of the careful generic revision and studies of 
type material which Professor Emerson has been prosecuting for some 
years. Certainly the species of the tnbiformans group, previously 
included in Amitermes s. str., diifer sufficiently in morphology and 
size of both soldier and alate, as well as in habits, from the other 
members of that subgenus (as now used) to warrant considering them 
a separate subgenus, if not a separate genus. I have separated them, 
therefore, as a new subgenus of Amitermes Silvestri, which I have 
named Gnathamitermes from the remarkable development of the 
mandibles of the soldier caste which characterizes the species of the 
subgenus. A diagnosis of the new subgenus is found on page 390. 

Until the publication of Bulletin 108 (Banks and Snyder 1920) 
but two North American si)ecies of Amitermes were known, A. tnhi- 
f Ormans Buckley and A, xvheeleri Desneux, the alate of the latter 
being unknown. Banks described four species as new, A. arizonensis, 
A, californicus, A, confusns, and A. perplexus, the last two being 
based on alates alone. He described also the supposed alates of the 
first two new species and of A, tnbiformans Buckley. 

Termites require special methods of preservation and study. They 
should be preserved in alcohol and studied in that medium under a 
compound microscope, preferably one of the high power, binocular 
dissecting microscopes with triple nose piece allowing for a consider- 
able range of magnification and used with good artificial surface 
illumination. Measurements are made by means of an ocular microme- 
ter. Attempts to identify American species of Amitermes by means of 
Banks ^ keys and descriptions early revealed discrepancies and lacks 
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which indicate that he was not well equipped for such studies. This, 
together with the ill-advised association of alates with soldiers when 
not taken together, has led to great CMifusion. As will be seen, two 
of his new specific names fall into synonomy and the three alates 
described with soldiers are each shown to belong to other species than 
the soldier with which they are described. This is peculiarly unfor- 
tunate since it renders unavailable at present much of the excellent 
information as to biology and distribution furnished by Snyder in his 
portion of Bulletin 108. It is to be hoped that Dr. Snyder will make 
this information available in connection with the new specific names 
and systematic distinctions. 

I have long felt the importance of an attempt to work out specific 
characters of the workers of the species of this and other genera of 
termites in order to make possible workable keys to the species on the 
basis of worker characters. To this end a considerable study was made 
of the workers of the seven local species with generally unsatisfactory 
results. A few species are readily identified from the workers and it 
may be that a long, painstaking investigation might result in the 
formulation of satisfactory characters for distinguishing the remain- 
ing species, but at present such differentiation is not feasible and 
either the soldiers or reproductives, or both, must be depended upon 
for differentiation of the species. 

In the list of American species of Amitermes, which follows, the 
species of Amitermes s. str. have again been arranged in more or less 
distinct groups of seemingly related species. Such grouping is entirely 
tentative and subject to change as new species are found and the 
alates, now unknown for many species, are discovered and studied. 
The present groupings will be seen to differ cmisiderably from those 
given in my two former papers, notably in that three new groups are 
erected, the medius group for A. medius Banks, the excellens group 
for A. excellens Silvestri, and the cryptodon group for A. cryptodon 
Light ; while the wheeleri group disappears and the calif ornicus group 
is now designated the amifer group. The placing of A. amifer with 
A. wheeleri De^eux (= A. caiif ornicus Banks) is based on similarity 
between the alates, and the removal of A. excellens from that group 
on differences between the alates. 
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A List op ths Ame&ican Species of the Genus Amitermes Silvestbi 

Subgeaus Synhamitermes Holmgren 

1. Amitermes hrevicomiffer Silvestri^ Chile. Alate unknown. 

Bubgenus Amitermes s. str. Holmgren 

The medvas Group 

2. A. medms Banks 1918, Oentral America. 

The amifer Group 

3. A, amifer Silvestri, Brazil and Argentina. 

4. A. wheeleri Desneux, southeastern California, southern Nevada, Arizona, 

Texas (to extreme southeastern tip), western Mexico (at least as far 
south as Colima, Col.). 

A, caUfomious Banks and Snyder 1920, Light 1930a and h). 

5. A, foreli Wasmann, Colombia. Alate unknown. 

The emersoni Group 

6. A. heaumonti Banks 1918, Central America. 

7. A, ooadhellae Light 1930, southeastern California, southern Nevada, and 

southern Arizona^ 

8. A, emersoni Light 1930, southeastern California. 

9. A. ensifer Light 1930, Colima, western Mexico. Alate unknown. 

10. A. minimus new species, southeastern California, southern Nevada, Arizona, 

and Texas (to extreme southeastern tip). 

11. A. parvulus new species, Texas (San Antonio), southern Arizona(?). 

12. A, silvestrumm Light, southeastern California (Coachella Valley). 

The snyderi Group 

13. A, snyderi Light, southeastern California. Alate unknown. 

Tlie excellens Group 

14. A. exoellens Silvestri 1923, Guiana. 

The cryptodon Group 

15. A, cryptodon Light, Colima, western Mexico. Alate unknown. 

Species hosed on alates and not pl<wed hy group — 

16. A, pallidus new species, southern Arizona. Soldier unknown. 

17. A, parvipunctus new species, Texas, Soldier unknown. 

18. A. spadix new species, Texas. Soldier unknown. 

Subgenus Gnathamitermes new subgenus 

19. A, acrognathus new species, Texas. 

20. A. acutus new species, southeastern California, southern Nevada, Arizona. 

Alate unknown. 

21. A, oonfustts Banks 1920, Arizona and Texas. Soldier unknown. 

22. A, fuscus new species, southeastern California. Soldier unknown. 

23. A. grandis Light 1930, western Mexico. Alate unknown. 

24. A. infumatus new species, western Mexico, southeastern California. Alate 

unknown. 

25. A, magnooulus new species, southeastern California. Soldier unknown. 

26. A, mgrioeps Light 1930, western Mexico. Alate unknown. 

27. A. perplexus Banks 1920, southeastern California, Arizona, and Texas. 

28. A, tuhiformans Buckley 1863, Arizona and Texas. Alate unknown. 

Both alates and soldiers are known for twelve of these twenty- 
eight species, alates alone for six, and soldiers only for ten. The need 
of more complete collections, particularly of nest series containing 
alates is therefore sadly obvious. 
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SYSTEMATIC DISCUSSION 
Terms and Methods 

I have not attempted complete descriptions but have sought to 
limit myself to characters of known taxonomic significance. Careful 
comparative studies of the fontanel and fontanel area, the clypeus, 
the labrum, the labium and maxillae, the gulamentum, the nota, the 
legs, etc., would be of great value. 

In general the terms used have the same significance as those used 
in my paper on the Amitermes of California (1930a.). The value here 
designated as the mandible curvature index is the mandible curvature 
index II of the 1930 papers. A new index, right tooth index, arrived 
at by dividing the distance from the base of the right mandible to 
the front of the tooth by the length of that mandible, puts tooth level 
into comparable figures. Head height index derived by dividing maxi- 
mum head height by head (capsule) length seeks to express relative 
height of the head. The difficulty of determining head height with 
exactitude makes for considerable error in this value. The postclypeal 
index used in descriptions of certain alates is the result of dividing 
length of postclypeus by breadth and seeks to replace the indefinite 
terms ‘‘long” and “short” by definitely comparable values. The 
dimensions concerned here are so small as to make for a very con- 
siderable probable error, hence small differences in this index should 
not be considered of importance. 

All figures in text, both of alates and soldiers, are at the same 
magnification — ^approximately twenty-five diameters. 

MEDIU 8 GBOUP 

This monotypic group is separated largely because of the strik- 
ingly different characters of the alate. 

Alates moderately large; brown to dark brown in color; about 
12 mm. long with the wings; head about 1.3 mm. wide through the 
eyes; pronotum about 1.10 mm. wide; eyes very large (fig. A), hardly 
separated from ventral margin. 

Soldiers large; head about 1.5 mm. wide; high, vaulted with 
strongly convex lower margin; fontanel large, postclypeus strongly 
bilob^; mandibles long, strongly curved; teeth prominent, cone- 
shaped, near middle of mandible. 
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Amitermes medius Banks 

Figured A and B 

Amitermes medius Banks 1920, Snyder 1924, Light 1930c. 

Brief Redescription of Alate (from Panama) — 

Head and pronotum brown; postclypeus light brown; labrum, 
antennae, palpi, legs, and abdominal tergites pale brownish yellow; 
abdominal tergites smoky brown. 

Head (fig. A) broad, short, ovate, much narrowed in front; head 
capsule much broader than long, broadest at anterior margin of eyes, 
converging strongly behind the eyes ; head high in front of middle of 
eye, sloping posteriorly ; posterior margin straight. 



Figures A~F. Alates of Amitermes medium Banks, A. amifer Silvestri, and A. 
wheeleri Desueux. All figured ca. X 25. 

Figs. A and B. Head and pronotum respectively of alate of A. medius Banks 
from Panama. 

Figs. C and D. Head and pronotum respectively of alate of A. amifer Sil- 
vestri. 

Pigs. E and P. Head and pronotum respectively of alate of A. wJteeleri 
Desneux. 

Fontanel (fig. A) large, white, conspicuous; located in middle of 
head, just behind level of ocelli, oval in shape, continued as short, 
narrow line in front; muscle markings faint, narrow, oblique. 

Postclypeus (fig. A) more than twice as wide as long, flatly 
vaulted, strongly convex behind. 

Eye (fig. A) very large, round, separated from ventral margin by 
less than one-quarter its diameter, from dorsal margin by about one- 
quarter its diameter, and from posterior margin by a little more than 
its diameter. 

Ocelli large, broadly oval, short diameter about two-thirds of long 
diameter, separated from eye by less than one-half of short diameter. 

Antennae of sixteen segments ; third shortest. 
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Pronotum (fig. B) with arms of Y marking distinct, dull yellow, 
nearly transverse; anterior margin nearly straight; posterior margin 
emarginate; antero-lateral comers broadly rounded; sides convex, 
strongly convergent. 

Measurements in Milumeters of Amitermes medius Banks 
FROM Panama 


Length with wings 12.00 

Porewing length 10,00 

Head length over all 1.41 

Head capsule length 90 

Head width through eyes 1.26 

Eye, long diameter 41 

Ocellus, long diameter 20 

Ocellus, short diameter 15 

Postclypeus length 28 

Postclyiwus width 52 

Postclypeal index 54 

Pronotum length 60 

Pronotum width 1.08 


THE AMIFEB GEOUP 

In this group I have placed three species, A. amifer Silvestri, the 
type species of the genus, A, fordi Wasmann, and A. wheeleri Des- 
neux which I show to be the A. calif ornicus of Banks and Snyder 
(1920) and Light (1930(:^ and b). 

The alates (unknown for A. foreli) are characterized by small size, 
about 10 mm. long with the wings and with a head width of less than 
1.15 mm.; by the general brown color of head, body, and wings; by 
relatively short antennae of fourteen or fifteen segments; by a pro- 
notum narrower than the head capsule and longer than half its own 
breadth, with strongly converging, nearly straight sides; and by a 
long postclypeus. 

The soldiers are characterized by strongly curved mandibles; by 
cone-shaped, inwardly directed teeth ; by a high, domed head, set high 
behind ; and by a gula distinctly narrowed behind. 


Amitermes amifer Silvestri 

Figures C, D, G, aud H 

Amitemies amifer Silvestri 1901, 1903 (systematic portion) ; Emerson 1925. 
Hamitermes hamifer Silvestri 1903 (biological portion) ; Holmgren 1912. 

This, the type species of the genus, was well described by Silvestri 
(1903). Since the original description was in Italian, however, and 
in order to bring out certain characters which have proved themselves 
of importance in the speciation of the genus, I present here a brief 
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description of the alate and soldier based on cotype and metatype 
material available through the kindness of Professor Emerson. 

Alate , — Generally brown in color ; head russet brown with reddish 
tone ; pronotum light rusty brown ; abdominal tergites brown ; sternites 
extremely pale brown; postclypeus, labrum, antennae, palpi and legs 
light yellow ; wings pale brown. 

Head capsule (fig. C) broadest in front of eyes, somewhat conver- 
gent behind ; posterior margin broad, weakly convex ; head flat above, 
low behind, highest at level of ocelli, sloping posteriorly. 

Fontanel (fig. C) elongated, white; muscle markings (fig. C) small. 





Figures G~I. Soldiers of Amitermes amlfer Silvestri and A. wheel eri Deeneux. 

All figures ecu, X 25. 

Fig. G. Head of cotype soldier of A. amifer Silvestri from Brazil. 

Fig. H. Head of metatype soldier of A. amifer Silvestri from Brazil. 

Fig. I. Head of small type soldier of A, wheeleri Desneux. This type was 
described by Banks (1920) as A. wheeleri while the largo type 
with shorter, heavier teeth and mandibles was described as 
A. odltfomums Banks. 

Postclypeus (fig. C) long and narrow, postclypeal index 0.59; 
strongly concave. 

Ocelli about half as long as diameter of eye, oval; somewhat 
broader than one-half their length ; separated from eyes by about their 
short diameter and from the margin of the head capsule by somewhat 
less than once and a half their length. 

Eyes small, circular, separated from ventral margin of head by a 
little more than half their diameter, from dorsal surface by a little 
less than their diameter, and from the posterior margin by a little 
less than twice their diameter. 

Antennae of fourteen segments as in figure C. 
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Pronotum (fig. D) considerably longer than one-half its width; an- 
terior margin hardly concave ; antero-lateral comers broadly rounded ; 
sides strongly convergent, straight; posterior margin biconvex. 


MBAStTBBMBim IK MlU,nill!!rBBS OF OOTTFB AlMeB OF 
Amitermes amifer Silvestei fbom B&aeii, 


Ijength with wings 


10,00 

Forewing length 


7.50 

Head length over all 


1.14 

Head capsule length 


74 

Head width through eyes 


96 

Eye, long diameter 


21 

Ocellus, long diameter 


12 

Ocellus, short diameter 


09 

Postclypeus length 


26 

Postclypeus width 


44 

Pronotum length 


48 

Pronotum width 


81 

Postclypeal index 


59 


Descriptions and measurements based on cotype (male) alate col- 
lected and determined by Silvestri from Cuyabo, Matto Grosso, Brazil, 
July 9, 1900. 

Soldier. — Head, bases of mandibles, antennae, and pronotum yel- 
low ; distal two-thirds of mandibles red ; mandibular articulations and 
fontanel reddish. 

Head (figs. G and H) subrectangular, elongated, converging 
slightly from behind middle; sides faintly convex; posterior margin 
nearly straight; head high, domed; head index about 0.75; head 
contraction index about 0.85'. 

Fontanel large, postclypeus deeply grooved and bilobed. 

Antennae slender, delicate, of thirteen or fourteen segments ; third 
narrowest, fourth shortest ; terminal segment longest save first. 

Mandibles long, very slender, strongly convex ; strongly incurved 
from the middle ; head-mandible index about 0.60 mm. ; teeth at about 
middle, small, slender, conical, directed inward and somewhat basally. 

Gula imusual in shape, broadest at extreme anterior end, sharply 
narrowed, and then gradually narrowed until near posterior end; a 
faint indication of a bulge at anterior one-third. 

Descriptions and measurements based on a cotype soldier deter- 
mined and collected by Silvestri in Coxipo (Cuyabo), Brazil, July 9, 
1900, and numerous metatype soldiers from tFrucum de Corumba, 
Brazil, collected by K. P. Schmidt, compared and determined by 
Emerson. 
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MBASirRBltfKNTS OF MeTATYPE AND OOTYPE SOLDIBBS OP 
Amitermes amifer Silvestbi 

A B 

Hetatype Ootype 


Head lon^h 1,56 1.44 

Head width, maximum 1.14 1.11 

Head width, minimum 93 .81 

Mandible length 93 .81 

Gular length 1,13 1.04 

Gular width, maximum 32 .32 

Gular width, minimum 23 .20 

Pranotum width 78 .72 

Head index 73 .77 

Head contraction index 82 .73 

Head-mandible index 60 .56 

Gular contraction index 72 .63 

Mandible curvature, minimum 32 .29 

Mandible curvature index 34 


Variation, — There is considerable variation to be noted in the 
soldiers. The cotype soldier is smaller (fig^. 6 and H), with relatively 
narrower head, as the measurements will show, and less strongly con- 
vergent sides. The mandibles are somewhat longer in proportion and 
the tooth is longer, more slender, and more basally directed. There 
seems, however, to be no reason to doubt their conspecificity. 


Amitermes foreU Wasmann 

Plate 10 and figure UU (p. 407) 

Dentitermes foreli Waamann 1902a. 

Hamitermes foreli Holmgren 1912. 

This species, apparently the first species of the genus collected in 
the Americas, was taken by Forel in 1896 at Barranguilla, Colombia. 
Wasmann ’s description was not published, however, until 1902 (1903) , 
two years after Silvestri’s paper (1901) in which he described A, 
amifer and A. breidcormger. The redescription of the soldier of this 
interesting species, the alate of which is unknown, has been made possi- 
ble through the kindness of Dr. H. Schmitz., S. J., of the Museum Was- 
mannianum, who sent me for study two beautifully mounted soldiers 
of the type collection. The characters of mandibles and teeth place it 
clearly in the amifer group, very near to A. amifer, from which it dif- 
fers in its much larger size, th^ weaker curvature of its mandibles, etc. 

Soldier, — ^Large, head about 1.75 mm. long and 1.40 mm. wide; 
body chalky white in dried specimens ; head p^e chalky yellow, man- 
dibles shading from yellow at the bases to brownish red in distal third ; 
head with very long, slender, widely scattered, reddish hairs; frons 
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with shorter, more numerous reddish hairs, particularly in the zone 
just behind the fontanel 

Head (pL 10, figs. 1 and 2; fig. UU) very much uplifted behind, 
sloping forward from near occiput ; head broad ovate in dorsal view ; 
head index about 0.80; sides somewhat convex, strongly convergent; 
head contraction index about 0.75. 

Fontanel small, aperture about ,.02 mm. in diameter, rimmed with 
white, located at base of face of vertical fontanel protuberance; a 
pronounced groove running from fontanel across clypeus to which it 
gives a distinctly bilobed appearance (fig: UU). 

Mandibles (pi. 10, fig. 1; fig. UU) long, smooth, relatively slender, 
strongly curved beyond the teeth ; teeth at about middle, inwardly and 
slightly posteriorly directed, long, slender, sharp, spine-like. 

Gula bent upward behind, due to uplifted head; broadest near 
front, narrowed behind. 

Antennae slender, of eleven (+ ?) segments; distal segments 
elongated; eleventh segment (fig. VV) as long as first, nearly as long 
as second, third, and fourth together. 

MR.VSUB.EMENTS IN MILLIMETERS, AND INDICES, OF TwO 

Paratype Soldiers of Amitermes foreli (Wasmann) 


Head length 1.80 1.72 

Head, maximum widtli 1.50 1.38 

Head, minimum width 1.08 1.05 

Mandible, length 1.02 1.02 

Minimum mandible curvature 0.216 0.21 

Pronotum, width 0.84 

Head index 0.83 0.79 

Head contraction index 0.72 0.76 

Head-mandible index 0,57 0.59 


Amitermes wheeleri (D^neax) 

Figure® E, F, and I 

Termes wheeleri Desneux 1905. 

Amitermes wheeleri Banka and Snyder 1920 (ex parte). 

Amitermes o(ilifom,icm Banks and Snyder 1920 (soldiers) Light 1930a., 5. 

Amitermes arieonensis Banks and Snyder 1920 (alates). 

Not Amitermes wheeleri Banks and Snyder 1920, Brownsville and San An- 
tonio, Texas, nor Snyder 1925, nor Light 1930a and 19305 (all of which 
= J. mO^imus n. sp.). 

A careful examination of the material allocated to A, wheeleri 
Desneux by Banks has shown it to include two species. A, wheeleri 
Desneux (= A, calif ornicus Banks) and A, minimus n. sp., both small 
and with basally located teeth in the soldier caste. An attempt to 
locate Desneux ^s type was unsuccessful. It was reported by Banks as 
questionably in the Paris Museum {sic). As was to have been 
expected, since M. Desneux was Belgian, it is not in the Museum 
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d^Histoire Naturelle. Dr. Wheeler, the collector, has no type material, 
but a paratype was reported by Banks (1920) to be in the American 
Museum of Natural History in New York and Dr. Lutz kindly sent 
me this material for study. It is clearly conspecific with the A. cali- 
fornicus of Banks and labeled “Prom a vial marked ^Termes wheeleri 
Desneux ex typ^, Belton, Texas. ^ Determined by Banks and Snyder.’* 
This last statement seemed to cloud the issue but Dr. Snyder tells me 
that his records indicate that paratype material from the American 
Museum was used in their studies. The internal evidence also points 
to its being a paratype. For example, the use of the older generic 
name Termes far antedates the work of Banks and Snyder; also 
Belton is the type locality for A. wheeleri Desneux, and Banks and 
Snyder had no termite material from that locality, and indeed no 
other collections save those of Wheeler reported by Desneux are 
known to have been made there. We would be justified, therefore, in 
considering this an authentic paratype since but a single collection of 
this species was made by Wheeler. Fortunately, however, Desneux *s 
description, while lacking in some points, is sufficiently clear as 
regards the most diagnostic structure, the mandible, to show that 
Desneux could have had no other species of American Amitermes than 
the one described by Banks as Amitermes catifornicus, Desneux says, 
“Mandibules assez courtes, a peu pres de la longuer de la moitie de la 

tete .... fortement arquees **. In all other known American 

species, if not in all species of the type subgenus the head-mandible 
index is much more than 0.50 (usually more than 0.70) and in A, 
mvnimm n. sp. it is about 0.70. There can be little doubt, therefore, 
that Desneux *s Termes wheeleri is the A. calif ornicus of Banks. 
Banks* descriptions and illustrations are based on the slender- 
mandibled type of soldier (fig. G) which I have mentioned (19306) 
as occurring with the more typical soldiers of this species. 

Banks described alates of this species, of which he says ‘ ‘ Although 
not taken with soldiers it is practically certain that they belong to this 
species.** The examples of the confusion resulting from the several 
such decisions on Banks* part will, it is hoped, discourage futiu’e 
workers from such assumptions. 

A collection taken by P. M. Gaige at Phantom Lake, Port Davis, 
Texas, contains both soldiers and alates, the latter very distinct from 
those described by Banks. While there is always a possibility of error 
in such collections, it seems necessary to consider these alates, taken 
with soldiers, to be the real alates of A. wheeleri. These seem to be 
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the same as the alate described by Banks as that of A. arizonensis, and 
hence that name also becomes a synonym of A» wheeleri Desneux, since 
Banks designated the winged adult as type. He seemed not to have 
distinguished between these alates and those described by me later in 
this paper as A. pwrvulus and hence his distribution data cannot be 
used. It is barely possible, of course, that his type is the same as my 
A. pannUiis, in which case we would be forced to use the name A. 
arizonensis for that species, a situation much to be regretted because 
of its long association with soldiers of an entirely diiferent type. 

The alates described by Banks as belonging to A, calif ornicus have 
been taken swarming several times in Sabino Canyon but never with 
soldiers and hence must be considered a new species. They are very 
small and very light in general color and are described later in the 
paper (p. 385) as A, pallidus n. sp. 

A brief description of the alate of A. wheeleri Desneux (Qaige 
No. 112) follows. 

Head dark brown; postclypeus, labrum, and palpi light yellow; 
pronotum pale, rusty. Head as in figure E ; broadest in front of eyes, 
converging behind; posterior margin weakly convex. Fontanel nar- 
row, slit-like. Muscle markings not conspicuous; oblique markings 
long and narrow ; transverse marking short. Eye medium in size ; trun- 
cated antero-dorsally ; separated from ventral margin by somewhat 
less than half its long diameter and from dorsal margin by about half 
its long diameter. Ocelli very shortly oval, relatively large, about as 
long as half the long diameter of eye ; separated from eyes by nearly 
their short diameter. Postclypeus swollen,, not much more than twice 
as wide as long. Pronotum as in figure P. 

Material examined is from five localities in Texas : Cotulla, Kings- 
ville, Uvalde, Chalk Bluff, and Laguna (Uvalde County), and Browns- 
ville, all collected by Dr. T. E, Snyder. 

Mbasubemeots or Alatte of Amitermes wheeleri 
Desneux from Phantom Dake, Texas 


Forewing length 9.50 

Head l<mgth over all 1.23 

Head capsule length ’ 84 

Head width through eye® 1.02 

Eye, long diameter 23 

Ocellus, long diameter 12 

Ocellus, short diameter .09 

Postclypeus length .25 

Postclypeus width 49 

Pronotum length 48 

Pronotum width 84 

Postclypeal index 51 
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Measurements of Soldier op A. wheeleri Dbsneux 
Associated with Alate Described Above 


Head len^h 1.38 

Head width, maximum 1.14 

Head width, minimum 99 

Mandible length 64 

Gular length 64 

Gular width, maximum 38 

Gular width, minimum 23 

Pronotum width 72 

Head index 83 

Head eonti-aetion index 87 

Head-mandible index 46 

Gular contraction index 61 

Inner mandible length 49 

Mandible curvature, minimum 08 

Mandible curvature index 13 


Measurements in Millimeters, and Indices, or Soldiers op A , wheeleri 


Desneux op the Small Type (pio. 1) from Four Localities in Texas 

Chalk Bluff, Laguna, 

Uvalde Co. Uvalde Co. Kingsville Brownsville 

Head length 

.. 1.17 

1.23 

1.35 

1.29 

Head width, maximum 

.. .96 

.93 

1.05 

.99 

Head width, minimum 

.. .78 

.81 

.81 

.84 

Mandible length - 

.. .67 

.62 

.64 

.70 

Gular length 

.. .58 

.70 

.67 

.64 

Gular width, maximum 

.. .29 

.31 

.32 

.28 

Gular width, minimum 

.. .23 

.23 

.23 

.20 

Head index 

.. .82 

.76 

.78 

.77 

Head contraction index 

.. .81 

.87 

.77 

.85 

Head-mandible index 

.. .57 

.50 

.47 

.54 

Gular contraction index 

.. .79 

.74 

.72 

.71 

Inner mandible length 



.48 

.49 

.49 

Minimum mandible curvature.. 



.10 

.10 

0.094 

Mandible curvature index 



.16 

.16 

.13 

Distribution . — This species has a 

remarkable 

range, 

from Los 


Angeles County, California, south to Colima, Colima, Mexico, and 
east across the continent to Brownsville, Texas, in the extreme south- 
eastern tip of Texas. 


THE EMES80NI GROUP 

This, the largest group of American species of Amitermes s. str., 
includes as here constituted six species as follows: A. heaumonti 
Banks, A. caachellae Light, A. emersoni Light, A. ensifer Light, A, 
minimus n. sp., A. parvuius n. sp., and A. stives ^rianus Light. Alates 
are known for A. co(whellae, A. emersoni, A. parvtUus, A. minimus, 
and doubtfully for A. bemmonti. The known alates agree in being 
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small (8.5-10 mm. long with wings) and dark, but it is impossible to 
state the characters of the alates of the group uutil they are more 
fully known. The soldiers are characterized by small, distally sharp, 
more or less basally directed teeth, located at or beyond the middle 
save in A, coacheUae, A, parvuXus, and A, minimus where they are 
basally located. 

The group may prove to be a heterogeneous one when the alates 
are more completely known. A. parvidus, A. minimtis, and A, coo- 
chellae with basally located, shelf -like teeth in the soldier caste seem 
distinct as regards characters of the soldier caste but the alates are 
not greatly different from those of A. emersoni. A, sUvestrianus with 
.sjoldier mandibles similar to those of A, emersoni varies in having a 
brown rather than black alate. 

Here probably belong some or all of the three new species, A, 
pallidus, A, parvipunctus, and A, spadix, described later in the paper 
from alates alone. 


Amitermes beaumonti Banks 

Amitermes heaumonti"Qfm)!iB^ 1918; fSnyder 1925; Snyder 1926. 

Amitermes heauimmtilA^ht 1930&, pi. 17, fig. 6. 

This species was described by Banks (1918) from soldiers collected 
by Beaumont in Panama. Banks mentions having alates, separately 
collected, which he believes belong to this species. These alates are 
described by Snyder (1925) and from their size seem to fit the soldiers 
and the gi’oup. It will be necessary, however, to await the finding of 
nest series or careful comparison with late nymphs taken with soldiers 
before we can be certain of the identity of these alates. 

It has seemed worth while to supplement Banks’ brief description 
and give more extensive measurements. 


Description op Soi4Dier of Amitermes heaumonti Banks from 
Barro-Colobaix) Island (Kirby) 

Head and basal half of mandibles very pale yellow; distal half 
of mandibles light red; mandibular articulations reddish; antennae 
yellow ; otherwise whitish. 

Head broad ovate, sides strongly convex; postero-lateral corners 
rounding very broadly into faintly convex posterior margin; head 
high, domed, sloping in all directions from center; hairs long, reddish, 
numerous. 

Mandibles strongly and evenly curved in distal half ; proximal half 
nearly straight; tooth at or sligtttly beyond distal one-third, large, 
sharp, posteriorly directed, somewhat shelf-like. 
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Antennae somewhat elongated, once and one>baU as long as man- 
dibles; of fourteen segments; third and fourth very small. 

Labrum blunt. Gula somewhat narrow behind. Gular contraction 
index about 0.67. 

Measttbkmxnts m Milumetebs, and Indices, of a 
Soldier oe Amitermes heaumonti Banks from 
BabbO'Oolobado IsiaAnd, Panama 


Head length 1.32 

Head width, maximum 1.08 

Head width, minimum 81 

Mandible length 81 

Gnlai* length 83 

Gular width, maximum 48 

Gular width, minimum 32 

Pronotum width 66 

Head index 0.82 

Head contraction index 0.75 

Head-mandible index 0.73 

Mandible curvature, minimum 0.20 

Mandible curvature index 0.25 

Gular contraction index 0.67 


Amitermes coachellae Light 
Figure® J and K 

Amitermes coaohelUxe Light 1930ci. 

Description 

Alate . — Generally smoky black of various tones contrasting sharply 
with the brilliant white of unpigmented areas; head capsule and 
pronotum black ; basal leg segments, ventral thoracic sclerites abdom- 
inal tergites, lateral areas on sternites, and posterior portions of meso- 
and metanota somewhat lighter; other pigmented areas, including 
wing membrane, still lighter smoky black. 

Head shaped as in figure J, widest in front of eyes ; sides receding 
strongly behind; posterior margin weakly convex. 

Fontanel conspicuous white; short oval with pointed ends, tend- 
ing to be infuscated posteriorly; preceded by a very short, narrow 
white line. Muscle markings as in figure J ; narrow and inconspicuous. 

Postclypeus pale smoky in color with one to several lighter spots on 
either side, not strongly swollen; short, about half as long as wide, 
postclypeal index about 0.50. 

Eyes round, separated from upper and lower margins of head by 
more than half their diameter, from front margin by fully their 
diameter, and from hind margin by about once and a half their 
diameter. 

Ocelli very small, short oval, their long diameter less than half 
diameter of eye ; separated from eye by at least their long diameter. 

Antennae (fig. J) of 15-16 segments; third rudimentary, fourth 
and fifth subequal. 

Pronotum (fig. K) with entire, nearly straight or faintly concave 
anterior margin; antero-lateral corner broadly rounded; sides some- 
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what convex, strongly receding; posterior margin narrow, straight; 
surface with a conspicuous, dull yellowish, very flatly V-shaped 
marking. 

Anterior margin of wings dark; radius and radius sector light; a 
dark line lying along the posterior margin of the radius sector. 

Measurements in Millimeters op an Alatb op Amitermes 
ooaohellae Light prom Bouloeb City, Nevada 


Length with wings : 10.00 

Forewing length 8.00 

Head length over all 1.32 

Head capsule length 84 

Head width through eyes 1.08 

Eye, long diameter .22 

Ocellus, long diameter *. 09 

Ocellus, short diameter 06 

Postclypeus length 26 

Postclypeus width 49 

Postclypeal index 53 

Pronotum length 48 

Pronotum width 93 



Figures J-Q. Alates of species of the emersoni group. All figures oa, X 25. 


Fig. J. Head of A, eocushellae Light. 
Fig. K. Pronotum of same. 

Fig. L. Head of A. emersoni Light. 
Fig.M. Pronotum of same. 


F^. N. Head of A, minimus Light. 
Fig. O. Head of A, sUvestrianus Light. 
Fig. P. Pronotum of same. 

Fig. Q. Pronotum of A. minUnwIAglit 
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Physogastric queen. — Agrees with the alates save, strangely 
enough, in its color, being much lighter and brown instead of black, 
and the pigment of the lateral and ventral sclerites is in tiny discon- 
tinuous granules or spots. This lighter color might be explained on the 
basis of premature emergence were it not that very incompletely 
pigmented alates from the same colony show an entirely different 
color, a pale smoky black without any traces of brown. 

Mbasitebments IN’ MhiLimetebs of a Physogastric Queen 
OF Amitermes ooaohellcbe Light from Boulder 
City, Nevada 


Hoad length over all 1.32 

Head capsule length 78 

Head with through eyes 1.02 

Eye, long dii^meter 20 

Ocellus, long diameter 07 

Ocellus, short diameter 07 

Postclypeus length 26 

Postclyi)eua width 48 

Postclypeal index 54 

Pronotum length .42 

Pronotum width 93 

Abdomen width 4.40 

Abdomen length 13.00 


Soldier. — Head, pronotum, antennae, labrum, and palpi yellow; 
head very light in mid-dorsal area, dark in front ; mandibles reddish 
yellow basally, smoky red distally ; other parts whitish. 

Thorax about half as wide as head ; abdomen long, spindle-shaped, 
not greatly swollen, but little wider than head. 

Head subrectangular; sides weakly convex, converging slightly in 
anterior third; postero-lateral corners squarely rounded; posterior 
margin weakly convex ; head index about 0.80 ; head contraction index 
about 0.95; head relatively low; head height index about 0.55 mm.; 
frons not especially declivitous, bulging in center above fontanel; 
hairs reddish, widely scattered save in zone behind fontanel pro- 
tuberance. 

Mandibles relatively long, relatively slender, bent slightly at level 
of teeth, incurved in outer distal one-fourth, very sharp distally; 
teeth shelf-like, projecting slightly, succeeded proximally by a deep, 
narrow, triangular notch. 

Antennae of fifteen segments, third very small. 

Labrum longer than broad, tip rounded, somewhat uplifted. Gula 
scarcely narrowed behind, gular contraction index about 0.90 mm. 

Distribution and biology. — This species was very briefly described 
in my paper on the California species of Amitermes (1930a<) from 
three collections made by Castle and Williams in the upper Coachella 
Valley. Later I found it to be very abundant in certain definitely 
limited areas in the same region, especially in one particular wash 
near the type locality. A. coachellae was practically the only species 
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found in the wash which was very narrow and from six to twelve feet 
deep. It was present in and on the under surface of nearly every piece 
of partly buried wood in the wash while not a single colony was found 
at the surface level. It was found also on the bank of the San Gor- 
gonio River at the same level and was the only Amiiermes species 
found in the Whitewater River bed in Whitewater Canyon nearby. 
Beticulitermes tibialis is present in all these areas and while not in 
exactly the same spots, close association oif the two species might seem 
to indicate similar ecological predelictions. Their moisture and tem- 
perature requirements are actually, however, very different, since 
during the warmer period of the fall when B. tibialis was rarely 
encountered. A, coachellae was abundant. After the first cold fall 
rain the reverse was true. A. coachelUie was then not to be found, 
having retreated to warmer, less moist lower levels, and B. tibialis 
was very abundant, present in most pieces of surface wood. 

The alate of A, coachellae was not known until on a recent trip to 
Boulder City townsite a nest was found containing a large colony with 
hundreds of alates and a physogastric queen (Light 1931). These 
made possible the identification of several alates of this species taken 
flying in Tucson, Arizona, by Professors Vorhies and Nichol about 
noon on February 20, 1929. A single alate was taken by me at about 
the same time but in a different part of the city. There had been a 
light rain the evening before. 

The nest taken at Boulder City was found buried from six to fif- 
teen inches under a broad, flat stone sunk two to three inches in the 
sand of a draw. The nest was of the same general structure and 
appearance as that found by Castle in the upper Coachella Valley 
(Light 1930a.). The underside of the rock itself was covered with a 
considerable accumulation of black-lined chambers which were crowded 
with alates, late reproductive nymphs, a few younger nymphs, and 
very few workers. A few isolated chambers contained very young 
nymphs. One contained numerous eggs, several older nymphs, and 
numerous young nymphs. 

Some eight inches under ground a more extensive nest structure 
was found, consisting of broad, horizontal chambers from about six to 
ten millimeters high, with smooth, black inner surfaces. These con- 
tained many workers, some alates, and reproductive nymphs of various 
stages. 

The lowest nest, which was some fifteen inches under ground, con- 
tained no alates or reproductive nymphs, which seemed concentrated 
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nearer the surface. Workers were abundant and here for the first time 
in my experience of collecting Amitermes the soldiers were abundant. 
No soldiers were found just under the stone, and only one in the inter- 
mediate nest, but here every gallery was guarded by one or more of 
them. Near the center of this nest was a flat, low circular chamber, 
about two inches across, containing the physogastric queen, the first 
of the genus to be taken in this country. A single, very active dealate 
male taken in the same nest may have been the king. 

The low percentage of soldiers in the foraging groups, from which 
collections of Amitermes are ordinarily taken, is known to every col- 
lector and had led to the impression that they represent a very low 
percentage of the population of a colony. This finding would indicate 
that they are present in a proportion more normal for termites, but 
concentrated largely in the vicinity of the royal cell. This raises the 
question as to the reasons which make their presence there of value 
to the colony. The only obvious hypothesis is that they are guarding 
the nest and particularly the royal pair from attack by ants or possibly 
other termites. 


Amitermes emersoni Light 

Figures L and M 

Amitermes emersom Light 1930a and h. 

Since my recent description of this species, which was based on 
soldiers and workers, two collections of the previously unknown alates 
have been taken with soldiers, one by Mr. R. W. Burgess, of the 
United States Bureau of Entomolc^y at Coachella, and the other by 
Mr. C. T. Lady, near Thermal, both in the Coachella Valley. 


Description of the Alate op Amitermes emersoni Light 

All chitinized portions shiny black save labrum, antennae, palpi, 
and abdominal sternites which are smoky black, the tarsi which are 
white, and the wings which are pale brown black. Head, legs, pro- 
notum, other thoracic sclerites and abdominal sclerites wdth a thick 
coat of light yellowish hairs. 

Head shaped as in figure L ; sides receding strongly behind, round- 
ing into strongly convex posterior margin. 

Fontanel narrow oval but appearing as a tiny Y because of exten- 
sive infuscation of its posterior portion. No muscle markings visible. 
A small diamond-shaped white spot in the center between postclypeus 
and frons. 
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Postclypeus short, hardly swollen; postclypeal index about 0.51; 
posterior margin not markedly convex; anterior margin somewhat 
concave. 

Eye small, inconspicuous because of deep black color of head, 
ringed with yellow, antero-posteriorly elongated ; separated from both 
dorsal and ventral margin of the head by more than half its diameter, 
from the anterior margin of head capsule by a little more than its 
diameter and from the hind margin by about twice its diameter. 

Occellus small, oval, its short diameter vertical ; less than half as 
long as diameter of eye ; separated from eye by about its own diameter. 

Antennae of fifteen segments; third rudimentary; fourth and fifth 
subequal, smaller than sixth, together longer than second. 

Pronotum (fig. M) considerably shorter than half its width; ante- 
rior margin broadly but very weakly concave; antero-lateral corners 
rounded; sides nearly straight, receding and rounding broadly into 
broadly and very shallowly concave posterior margin. 

Costal margin of wings consisting of a yellow band along extreme 
distal edge bearing a close set line of hairs followed by a thick, opaque 
white vein (radius) ; radius sector opaque white save basally where 
infuscated, succeeded by a somewhat narrower dark smoky black line ; 
other veins light yellow margined by narrow light smoky brown line ; 
proximal i)ortions of main veins and proximal branches of cubitus 
thicker and darker; median about twice as far from radius sector as 
from cubitus; one to several short, dark, incomplete, nearly vertical 
posterior branches from radius sector. 

Measurements of an Alate of Amittn^mes emenmii 
Light from Coachella 


Length with wings 12.00 

Forewing length 9.50 

Head length over all 1.26 

Head capsule length 78 

Head width through eyes .* 1.08 

Eye, long diameter 20 

Ocellus, long diameter 10 

Ocellus, short diameter 09 

Postclypeus length 25 

Postclypeus width 49 

Post-clypeaJ index 51 

Pronotum length 42 

Pronotum width 90 


Nymph , — Alates taken in flight at Palm Springs had previously 
been tentatively identified as the alates of this species on the basis of 
fairly close agreement with late instar reproductive nymphs of A. 
emersoni. Similar nymphs of A, silvestrianus Light taken later showed 
these alates to be without doubt those of A, sUvestrianus, Certain 
critical measurements of late instar reproductive nymphs of A. 
emersoni follow. 
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Measurements in Millimeters op Last Instar Reproduc 
T iVB Nymph op A, emersoni Light prom Palm Springs 


Head width 0.99 

Hoad capsule length 1.08 

Pronatum length 0.48 

Pronotum width 0.90 

Length of wing pads 3.24 


Distribution and^ biology, — ^Although it is still known only from 
the Coachella Valley, my recent investigations in that region have 
shown this species to be one of the commonest termites in certain por- 
tions of that area. It is abundant, for example, in and along the dry 
bed of the Whitewater River from near Garnet down at least as far 
as Thermal, replacing in these low^er reaches A. coachellue w’^hich was 
not found below 1200 feet. It would be extremely interesting to deter- 
mine the boundaries of the specific ranges of these species and the 
factors limiting their local and geographical distributions. 

As the intensely black color of the alate would lead one to expect, 
A. emersoni is a day flier. Mr. R. W. Burgess, who took them swarm- 
ing in Coachella on January 31 and February 4, 1931, reports that 

all specimens were taken in the morning. Tlie earlier season flights wore less 
abundant, the greatest flight being on February 4 when the air was full of the 
winged forms for most of the morning and well into the afternoon. Both these 
flights followed rains. 0.09 inches fell on January 30 and 0.44 inches on Feb* 
ruary 3. Those swarming on January 31 were emerging from the roots of dead 
Bermuda grass and there soldiers and w^orkers were taken. Those swarming Feb- 
ruary 4 were emerging from a ball ]>nik and a fallow field, both of hard clay loam, 
ordinarily very hard and dry. The latter contained no vegetation above ground, 
but roots of dead Bermuda grass were present. They were swanning from 
numerous holes within a two-foot area. 


Amitermes minimus n. sp. 

Plate 9, figures 3, 4, and 7; figures N and Q 

Amitermes wheeleri Banks and Snyder 1920 (ex parte: Brownsville and 
San Antonio, Texas). 

Amitermes wheeleri Snyder 1925 (alates). 

Amitermes wheeleri Light 1930a and b. 

This is the most widesjiread and in certain localities the most 
abundant species of Amitermes in southeastern California. Three col- 
lections from Texas are before me, two from San Antonio (Gable) 
and one from Brownsville (Snyder). This gives the species a known 
range of some 1300 miles, practically spanning the continent. Records 
from the intervening area are extremely meager, there being but two 
records, near Las Vegas, Nevada (Light 1931) and near Tucson, 
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Arizona (Light 1930a) . It may be expected to be common, however, 
in favorable localities through Arizona, New Mexico, Texas, and 
northern Mexico. 

The species is characterized by its small size (hence the specific 
name), the head being less than 0.8 mm. wide in the worker caste, 
about the same width in the alate, and less than 0.9 mm. wide in the 
soldier caste, while the alate is only about 8.5 mm. long with the wings. 

Snyder (1925) describes and figures alates taken flying at San 
Antonio on July 12 at 8 :15 in the morning. I have numerous alates 
taken swarming on September 2 in a gnat trap at Coachella, Califor- 
nia, by Mr. R. W. Burgess of the United States Bureau of Entomology. 
These agree very well with Snyder’s description. It may be of interest 
to give measurements of a typical individual (dried) of my collection. 

Mea-sitrekents in Millimeters of an Alate of 
Amitermes miniMus sp. NOv. from Coachella 


Length with wings 7.50 

Forewing length 6.00 

Head length over all 1.08 

Head capsule length 75 

Head, width, through eyes 90 

Eye, long diameter 23 

Ocellus, long diameter 09 

Oeellus, short diameter 06 

Postclypeus length 22 

Postclypeus width 44 

Postclypoal index 50 

Pronotum length 48 

Pronotum width 78 


Biology . — There is little to add to my previous discussion of the 
biology of this species (1930a) save that Snyder’s report of serious 
damage done by Amitermes wheeleri Banks must be held in abeyance 
until we know which of the species grouped by Banks under that name 
was really involved. 

While A. minimus n. sp. does not construct covered ways above 
the ground, it does build hard, crusty, often sand-covered galleries 
over the ground side or buried portion of wood which is being 
attacked, as do the other species of the subgenus. It seems more prone 
to attack upright pieces of wood including fence posts and poles than 
are the other Amitermes species of California and is the only species 
of the genus in that area, which penetrates the wood extensively and 
therefore the one most likely to be of economic significance. 
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Amitermes parvulus n. sp. 

Figures Z, AA, and WW 

Amitermes arissonensia Banks 1920 (alates in part). 

Collection records, — single alate, marked Amitermes (A) 
wheeleri Desn.”, locality unknown, presumably from Texas; three 
alates taken in July at lights in Sabino Canyon, near Tucson, Arizona 
(Hofer) ; a nest series with numerous alates and soldiers taken 
October 8, 1921, at San Antonio, Texas (G. H. Gable). 

Alate, — Generally brown above and yellow below; antennae and 
postclypeus smoky yellow; labrum, tarsi, and distal end of tibiae 
yellow; abdominal sternites light brown; head, pronotum, and body 
with a heavy coat of long, whitish hairs. 

Head (fig. Z) short, rounded behind the eyes. Fontanel very small, 
narrow oval, somewhat pointed behind ; merged broadly in front with 
short, broad, preceding line. Muscle marking inconspicuous, oblique 
markings first visible about halfway between end of line preceding 
fontanel and front of head capsule. 

Postclypeus as in figure Z. Eyes elongated antero-posterially ; 
separated from lower margin of head by about half their short diam- 
eter, from dorsal margin of head by about half their long diameter or 
a little more, and from posterior margin by about twice their long 
diameter. 

Ocelli large, about two-thirds as long as eyes; more than half as 
wide as long; near eyes, separated by less than their short diameter. 

Pronotum (fig. A A) short; in dorsal view about half as long as 
broad ; sides bent down ; antero-lateral corners broadly rounded ; sides 
convex, receding strongly into narrow straight posterior margin. 

Wings pale brown, the line behind radius sector and the basal 
branches of the cubitus dark browm. 

Measurements or Alate of Amitermes parvuJiis n. sp. 


Head length over all 1.02 

Head capsule length 69 

Head width, through eyes 84 

Eye, long diameter 23 

Ocellus, long diameter 12 

Ocellus, short diameter .07 

Postclypeus, length 21 

Postclypeus width 38 

Postclypeal index 55 

Pronotum length 39 

Pronotum width 75 


Soldier, — Small; head capsule (fig. WW) slightly more than 1 mm. 
in length and about 0.85 mm. wide, head index about 0.8; head 
rectangular with sides parallel or slightly convex, contraction index 
1.0 or slightly less; head high, sides and posterior surface steep, nearly 
vertical, giving head box-like shape; postero-lateral corners very 
shortly rounded ; posterior margin slightly convex. 
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Mandibles (fig. WW) heavy and short, head-mandible index less 
than 0.6 ; mandibles strongly curved in outer third. 

. Teeth (fig. WW) much as in A minimus n. sp. but because of 
shortened mandible, lying not far below middle of mandible. 

Gula with nearly straight sides, gular contraction index about 0.95. 


Measurements in Millimeters, and Indices, op Two Soldiers Each 
OF Amitermes parvultLS neav species and A. minimus new species 

A . parimlus A . minimus 


Head length 

1.08 

1.05 

1.08 

1.08 

Head width, maximum 

0.87 

0.84 

0.90 

0.90 

Head width, minimum 

0.87 

0.78 

0.84 

0.78 

Majidiblo, length 

0.61 

0.60 

0.78 

0.78 

Gula, length 

0.55 

0.55 


0.61 

Gula., maximum width 

0.275 

0.27 

0.28 

0.29 

Gula, minimum width 

0.26 

0.255 

0.19 

0.19 

Hoad index 

0.80 

0.80 

0.83 

0.83 

Head contraction index 

1.00 

0.93 

0.93 

0.87 

Head-mandiblo index 

0.56 

0.58 

0.72 

0.72 

Gular contraction index 

0.94 

0.94 

0.77 

0.75 

Minimum mandible curvature 

0.0725 

0.0725 

0.116 

0.087 

Mandible curvature index 

0.12 

0.12 

0.15 

0.11 


Systematic discussion. — As this paper was about to go to press the 
Gable collection was received through the kindnm of Dr. Snyder. 
This included the hitherto unknown soldiers which i)lace the species 
in the emersoni group as here constituted, near to A. minim^is, from 
which it differs most importantly in the short broad mandibles, the 
box-like head of the soldier, and in the generally smaller size of the 
alate. This is the smallest known Amitermes alate. As pointed out 
above it seems to have been included by Banks with the alates here 
shown to belong to A. wheeleri as the alates of his A. arizonensis. 
Banks ^ description agrees with the alate of A. wheeleri. If, however, 
the type should prove to be the same as my A. pcurvulus, we would 
face the unfortunate necessity of using the name A. arizonensis for 
this species. 


Amitermes silvestrianus Light 

Plate 9, figures 1, 2, 8, 12, and 13 j figures O and P 
Amitermes silvestrianus Light 1930a> and 1930h. 

The alate of this species is here described for the first time and the 
soldier is briefly redescribed. 

Alate. — Head capsule, pronotum, and other thoracic segments a 
more of less smoky dark brown; abdominal tergites lighter smoky 
brown black; abdominal sternites pale whitish in centers, pale smoky 
yellow brown laterally ; antennae and postclypeus light smoky brown ; 
palpi and legs very light brown ; labrum paler. 
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Head (pL 9, fig. 1 ; fig. 0) broad; receding behind eyes and round- 
ing very broadly into convex posterior border. 

Fontanel oval, long, narrow, with somewhat pointed ends; small 
anterior V-shaped area white, conspicuous; remainder more or less 
infuscated and obscure but lighter than head. Muscle markings as in 
figure forming a double branched Y. 

Postclypeus hardly twice as wide as long ; hardly swollen ; anterior 
margin straight or weakly biconvex. 

Eyes rounded or slightly elongated dorso-ventrally ; separated from 
upper and lower margins by more than one-half their diameter and 
from posterior margin by about twice their diameter. 

Ocelli small, about half as long as diameter of eye ; separated from 
eye by about their long diameter. 

Antennae of fifteen segments ; third smallest, fourth and fifth next 
smallest. 

Pronotum (pi. 9, fig. 2; fig. P) considerably more than twice as 
long as broad ; anterior margin straight ; antero-lateral comers very 
broadly rounded; sides convex, strongly receding; posterior margin 
broadly and shallowly concave; transverse markings yellow, narrow 
but distinct, oblique. 

Wings as in figures 12 and 13 of plate 9. 

Measurements in Millimeters of an Alate of Amitermes 
silvesirianus Light from Palm Springs 


Length with wings 11.50 

Forewing length 8.25 

Head length over all 1.32 

Head capsule length 90 

Head width, through eyes 1.08 

Eye, long diameter 23 

Ocellus, long diameter 09 

Ocellus, short diameter 07 

Postclypeus length 26 

Postclypeus width 49 

Postclypeal index 53 

Pronotum length 54 

Pronotum width 99 

Measurements in Millimeters of Last In star Repro- 
ductive Nymph of A , silvestrianus Light 

Head width 96 

Head capsule length 90 

Pronotum length 48 

Pronotum width 96 

Wingpad length 2.04 


Soldier . — Generally light ; head, antennae, and basal third of man- 
dible yellow ; distal two-thirds of mandibles light smoky red ; otherwise 
whitish. 

Head very broad oval to subrectangular ; sides and posterior mar- 
gin broadly but weakly convex ; sides somewhat convergent in anterior 
one-third ; head index about 0.82 ; head contraction index about 0.95 ; 
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head highest near posterior end, sides rising to center; fontanel area 
conspicuous owing to numerous reddish hairs; projection not prom- 
inent, weakly arcuate ; hairing sparse in general. 

Antennae long, longer than head capsule; of fifteen segments; 
third and fourth incompletely separated. 

Mandibles relatively long, wide but flat, incurved from about 
middle; tooth somewhat beyond middle, sharp, prominent, basally 
directed; tooth shelf-like making mandible broad, sometimes very 
broad in distal one-third or more. 

Biology and distribution . — This species was based on the soldiers 
of a single colony collected by Castle in the dry bed of the Whitewater 
River near Garnet in the Coachella Valley of southeastern California. 
Later during my stay in the Coachella Valley I encountered it only in 
two localities, both high, side washes dropping off into the bed of the 
Whitewater River, one just below Palm Springs (a part of the Palm 
Canyon Wash) and the other on the east side of the river some two 
miles south of Cathedral City. In this particular area about three 
hundred yards long and fifty yards wide the species was extremely 
abundant, present in every piece of favorably located wood. Near the 
river end of this wash a few colonies of A. emersoni were encountered 
and on the next lower level no more than five feet lower and but a 
few feet away, A. emersoni was present everywhere and not a single 
colony of A. sUvestrianus was found. This would seem to indicate a 
very narrow ecological niche. 

Like the other desert species of Amitermes, save those of the sub- 
genus Gnathamitermes, A. silvestrianus confines its attacks to wood in 
or on the ground and its workings to the ground side or to cavities 
eaten into the softer wood. It builds thick, brownish, outer encrusting 
galleries often from one-half to an inch in thickness. Similar frass 
is present within their workings in wood which they occasionally 
penetrate deeply. 

The alates here described were not talcen with soldiers but the 
agreement between them and last instar nymphs which were taken 
with soldiers is so exact, especially in the characters which separate 
the alates of this species from other Amitermes alates of the region, 
that there is no question in my mind as to this identification. The most 
striking differences between alates of the two species commonly found 
together is, of course, the very black color of A. emersoni in contrast 
to the brown of A. silvestrianus. This, of course, is lacking in the 
nymphs. Other differences are to be made out in the nymphs as well. 
Most striking of these are differences in head, pronotum, postclypeus, 
and wings. The head of A. silvestrianus is much broader in proportion 
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to the len^h of the head capsule. This is the most obvious difference 
between the nymphs of the two species. The wings of A. emersoni 
are considerably longer than those of A, silvestrianus and the same is 
true for the two nymphs available for comparison, as a comparison of 
the measurements of the two will show. The postclypeus of A. emer- 
soni has a distinctly concave anterior margin in both alate and nymph 
whereas it is straight in both alate and nymph of A, silvestrianus. 
Finally the pronotum of alate and nymph of A. silvestrianus differs 
in its much more broadly rounded antero-lateral corners and strongly 
convex sides. 

These alates were collected by Mr. L. F. Strehlke of Palm Springs. 
I give his interesting account of their capture. 

These few specimens wore gathered on August 3, two days after a very heavy 
rainfall during wliich an inch of rain fell in one hour. I was sleeping out of 
doors because of the great heat. My bed was a cot situated in a cement floored 
court between two buildings. When I awoke at about five o'clock in the morning 
I was greeted with the very interesting sight of thousands of insects flying to and 
fro three to six feet above the ground. The flight was so slow and sluggish that 
I had no difficulty in reaching up my hand from the cot on which I was lying to 
capture them at will. These 1 preserved and are the ones I am turning over to 
you. Just before sunrise these insects began to drop to the ground or pavement. 
After dropping they would make a few trials to fly at which they would succeed 
only after a fashion. They would soon abandon their attempts to fly and would 
crawl about aimlessly and then of a sudden drop their wings. The entire wing 
equipment would fall from the body at once. At this stage the insect would go 
about excitedly until it mated, which seemed almost immediately. The two would 
then crawl rapidly about, one following the other in such close formation as to 
have the appearance of one insect. They would run about nervously in no fixed 
direction but seemingly seeking shelter of any crack, fissure, or deep depression 
that might occur in the cement pavement. Shortly aft-er sun-up, about thirty 
minutes as I remember it, I was unable to find a single, live insect. The only 
evidence remaining of their recent visitation was the countless thousands of tiny 
wings covering the cement pavement. 

This habit of flying in the very early morning, and not necessarily 
during the day, immediately after rain may account for the rarity of 
such captures. 


THE SNTDEBI GROUP 

Here I have tentatively segregated a species, A. snyderi Light, 
whose alate is not known and whose soldier is relatively large (head 
with mandibles about 2.50 mm. long) with heavy, bent mandibles, the 
teeth being located beyond the middle. 



384 University of California Publications in Entomology ® 


Amitomes snyderi Light 

Amitermes myderi Light 1930a and 1930h. 

While no further collections of this species have been made it seems 

worth while to describe a late first-form nymph since these have been 

found very useful in the identification of alates in other species. The 

single late nymph available is evidently not in the last instar, which 
# 

must be kept in mind in interpreting the description. 

Abdomen swollen, black intestinal contents visible; wing pads 
reaching to third abdominal segment. Eyes small, about 0.15 mm. in 
diameter, incompletely pigmented. 

Head strongly receding behind the eyes ; posterior margin convex ; 
postclypeus shorter than half its breadth, anterior margin Convex. 

Pronotum twice as broad as long, anterior border straight ; antero- 
lateral comers rounding broadly into convex, strongly receding sides ; 
posterior margin broadly and shallowly concave. 

Measurements in Millimeters op Keproductive 
Nymph op Amitemies snyderi Light 


Length 5.58 

Length of wing pads 1.86 

Head length over all 1.16 

Head length 0.58 

Head width 0.97 

Postelypeus length 0.23 

PostelypeuB width 0.49 

Pronotum length 0.46 

Pronotum width 0.72 


THE EXCELLEN8 GROUP 

This group as constituted consists of a single species, A. excellens 
Silvestri. It is characterized so far as the soldier is concerned by the 
slight curvature of the mandibles save near the tip and by the small 
cone-shaped tooth located near the base. 

The alate is large, 12 mm. or more with wings, very dark, and with 
an extremely long postclypeus. 

THE CRYPTOEON GROUP 

This monotypic group is erected to receive the very small species A, 
crypt adon Light (1930b). The alate is unknown. The soldier mandibles 
differ strongly from those of any other known species in that they are 
flat, weakly curved throughout with but little distal incurvature and 
in that the tooth is not sharp or projecting but shelf -like with a long 
distal and shorter proximal face. 
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UNPLAcasD Aiatbs of Amitermes s. str. 

The collections kindly put at my disposal by Dr. Snyder contain a 
number of small Amitermes alates without soldiers, taken swarming 
in most cases. Some of these were studied by Banks (1920) who con- 
sidered them, mistakenly, to represent the alates respectively of A. 
arizonensis Banks, A, tuhiformans Buckley, and A. calif ornicus Banks. 
Four different species are represented in these collections, three of 
which I have described as new species including the alates allocated 
by Banks to A, tuhiformans and A. calif ornicus and some of the alates 
placed in A. arizonensis by Banks. 

An alphabetical list of these new species follows : 

Amitermes paUidus n. sp. 

Amitermes pannpunctus n. sp. 

Amitermes spadix n. sp. 

The only species of Amitermes s. str. of the United States for which 
the alate remains unknown is A. snyderi Light. As this is a large 
species, it seems unlikely that any of these small alates belong to it. 
This condition indicates the need for more careful and extensive 
collecting. 

Brief descriptions of these three species follow with figures of head 
and pronota and measurements of single individuals. Differences in 
measured proportions of small structures such as postclypeus and 
pronotum should be used with caution until careful comparative 
studies are available. 


Amitermes pallidus n. sp. 

Figures R and S 

Amitermes calif ormctts Banks 1920 (aJates). 

Collection records , — Numerous collections, all taken by Hofer at 
lights in Sabino Canyon, Arizona, mostly during eTuly but once each 
in June and August. 

Alate . — Generally light ; head light brown ; pronotum, wing scales, 
meso- and metanota, and lateral thoracic sclerites light rusty brown ; 
postclypeus, labrum, antennae, palpi, legs, ventral thoracic sclerites, 
and abdominal stemites yellow; abdominal tergites very pale j^ellow 
brown. 

Small, only 9.5 mm. long with wings; head about 1. mm. wide. 
Head as in figure R, sides strongly receding, rounding broadly into 
convex posterior margin ; broadest in front of eyes ; head low, lowest 
behind, highest just in front of level of ocelli. 
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Fontanel large, white conspicuous, broad ovate to triangular; broad 
in front, more or less extensively inf uscated behind ; front marked by 
narrow, transverse, bracket-shaped white zone; preceded by a short, 
white or yellow line. 

Muscle markings obscure ; mid-longitudinal suture distinct behind. 
Postclypeus more than twice as broad as long; broadly and very 
shallowly concave anteriorly ; somewhat swollen. 

Eyes circular, flat ; separated from dorsal and ventral margins of 
head by more than half their diameter and from posterior margin of 
head by about twice their diameter. 

Ocellus short oval ; about as long as half diameter of eye ; near eye, 
separated from it by less than half its short diameter. 



Figures B-W. Heads and pronota of new species of Amitermes s. str. based on 
aJates only. All figures oa. X 25. 

Fig. R. Head of A. pallidus Light. Fig. U. Pronotum of same. 

Fig. S. Pronotum of same. Fig. V. Head of A, spadix Light. 

Fig. T. Head of A, parvipvmotus Light. Pig. W. Pronotum of same. 

Antennae somewhat elongated, of fifteen segments; third smallest. 

Pronotum (fig. S) small, narrower than head between the eyes, about 
twice as broad as long ; anterior margin straight or sligthly concave ; 
widest near front ; antero-lateral corners very shortly rounded ; sides 
convex, converging, rounding broadly into weakly biconvex posterior 
margin. 

M£A.S17R£MmTS IN MlLLIMETBStS OF AlATE OF 
Amitermes pallidus N. SP. 


Xiength with wings 9.50 

Porewing length 7.00 

Head length over all 1.20 

Head capsule length 74 

Head width, through eyes 99 

Eye, long diameter 23 

Ocellus, long diameter 12 

Ocellus, short diameter 09 

Postclypeus length 20 

Postclypeus width 46 

Pronotum length 42 

Pronotum width 72 

Postclypeal index 44 
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Variation , — The ocellus varies somewhat in size. When smaller it 
is nearly round and separated from the eye by nearly its short diame- 
ter. The fontanel varies decidedly in degree of infuscation, being 
sometimes entirely 4iif uscated save anterior bracket which then with 
anterior line makes a shallow Y. 

This alate is easily distinguished by the naked eye from all other 
alates of the genus known to me, by its very light color. 

Systematic position , — This is the alate described by Banks (1920) 
as that of his A, calif ornicus (here shown to be A. wheeleri Desneux) . 



Figures X-AA. Heads and pronota of alates of A, tvheeleri Desneux and A. par- 
vvius Light. Both ca, X 25. 

Fig. X, Head of A. wheeleri Desneux. 

Fig. Y. Pronotum of same. 

Fig. Z. Head of A. pcurvulue Light. 

Fig. AA. Pronotum of same. 

He says, “Although not taken with soldiers, it is practically certain 
that they belong to this species.’’ As pointed out under the description 
of A, wheeleri Desneux, the alates taken with soldiers of this species 
(Texas, Gaige, No. 112) and there described, differ in several points 
from the alates here described as A. pallidus n. sp. For example, the 
fontanel of the Texas alate is very narrow, the eyes are projecting 
and elongated, the pronotum with straight, strongly receding sides, 
and the wings more than 9 mm. long, while in A. pallidtcs the fontanel 
is broad, the eyes flat, the pronotum with strongly convex sides, less 
strongly receding, and the wings are about 7 mm. long. In other 
characters they are suggestively alike save that the Texas alates are 
darker. These alates are very common in Sabino Canyon as are the 
soldiers of A, wheeleri Desneux but so also are the alates ascribed to 
A, arizonensis Banks which seem to agree with those here described as 
A, wheeleri, and those of A, parvvlus are also found. Intensive col- 
lecting in Sabino Canyon, therefore, should produce the unknown 
soldiers of A, pallidus n. sp. and A, parvtdus n. sp. 
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Amitermes parviponctus n. sp. 

Figures T and U 

CMection records, — Several alates taken in flight at Uvalde, Texas, 
on June 25, 1917, by D. C. Parman (Hopk. 15240, Hopk. 14096) and 
two alates whose locality is not known to me. 

Alate, — Generally light brown; head darker; postclypeus, an- 
tennae, palpi and labrum, and abdominal stemites yellow brown. 

Head (fig. T) broad, relatively high. 

Fontanel very small ; elongate, pointed at both ends, continuous in 
front with very short preceding line ; muscle markings obscure. Post- 
clypeus swollen, about half as long as wide. 

Eyes somewhat elongated dorso-ventrally ; separated from ventral 
margin of head by about half their short diameter, from dorsal margin 
by slightly more and from posterior margin by about twice their long 
diameter. 

Ocelli very small, nearly round, in front of middle of eye; sep- 
arated from eye by about their diameter. 

Antennae of fifteen segments ; third rudimentary ; fourth and fifth 
much broader than long; sixth twice as broad as long; seventh to 
twelfth about as broad as long; thirteenth longer than broad; four- 
teenth about twice as long as broad ; fifteenth longest, slender. 

Pronotum (fig. U) with shortly rounded antero-lateral corners, 
straight, strongly receding sides, and broadly but shallowly emarginate 
posterior margin. 

Measurements of Two Alates op A. parvipunctus n. sp. 


A B 

Length with wings 9.50 

Forewing length 8.00 7.50 

Head length over all 1.14 1.14 

Hoad capsule length 72 .78 

Head width, through eyes 96 .96 

Eye, long diameter 23 .20 

Ocellus, long diameter 09 .12 

Ocellus, short diameter 06 .09 

Postclypeus length 26 .25 

Postclypeus width 44 .44 

Postclypeal index 59 .57 

Pronotum length 42 .42 

Pronotum width 78 .81 


Amitermes spadix n. sp. 

Figures V and W 

Amitermes tuhiformans Banks and Snyder 1920 (alates). 

Collection records, — ^With soldiers and workers of A, tubiformans 
under cowchip near Uvalde, Texas, May 5, 1917 (Snyder). 

-Generally dark brown ; legs and abdominal stemites lighter 
brown; pronotum rusty; labrum and tibiae yellow. 
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Head (fig. V) with broad, only weakly convex posterior margin; 
sides not strongly receding behind the eyes ; slightly contracted ante- 
riorly; head capsule highest in front, sloping backward, low behind. 

Fontanel narrow ovate; pointed at both ends; narrow in front; 
marked by a small subcircular inf uscated spot behind ; preceded by a 
very short, contiguous yellow spot with which are continuous the long, 
very narrow, oblique muscle markings which diverge and curve slightly 
outward, ending in spots near the anterior margin of the capsule; 
transverse markings less conspicuous, somewhat oblique. 

Postclypeus swollen; inf uscated; wider than twice its length. 

Eyes elongated in a postero-dorsal — antero-ventral axis ; separated 
from ventral margin of head by about half their short diameter, from 
dorsal margin by fully their short diameter, and from the posterior 
margin by slightly less than once and a half their long diameter. 

Ocelli small, short and broad; about as long as ono-half short 
diameter of eye ; separated from eyes by about their own length. 

Antennae robust, of fifteen segments; third rudimentary; fourth 
and fifth very short ; sixth about as wide as long ; seventh to twelfth 
somewhat longer, subequal; thirteenth somewhat longer; fourteenth 
twice as long as wide ; fifteenth longest, narrow, pointed. 

Pronotum (fig. W) about twice as wide as long; anterior margin 
uplifted in middle, otherwise straight; antero-lateral corners rounded ; 
sides straight or weakly convex; receding strongly from in front of 
middle ; rounding broadly into narrow, very faintly biconvex posterior 
margin. 


Measurements of Two Alatbs of Amitermes spadix n. sp. 


Forewing length 7.50 8.00 

Head length over all 1.14 1.14 

Head capsule length 75 .72 

Head width through eyes 99 .96 

Eyes long diameter 23 .23 

Ocellus, long diameter 09 .10 

Ocellus, short diameter 07 .09 

Postclypeus length 24 .23 

Postclypeus width 49 .51 

Postclypeal index 47 .45 

Pronotum length 42 .45 

Pronotum width 84 .74 


A PRACTICAL WORKING KEY TO THE ALATES OF THE NEARCTIC 
SPECIES OP AMITEEMES S. STR. 

1. Black 2 

Dark brown to yellow 3 

2. Very dark shining black; muscle markings hardly visible; fontanel more than 

half as wide as long Amitermes emersoni Light 

Smoky black; muscle markings visible; fontanel less than half as wide as 
long; postclypeus with a few light spots marking location of large hairs 
Amitermes coachellae Light 

3. Very light; yellow .....Amitermes pallidus n. sp. 

Darker; brown to light brown below; brown above 4 
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4. Larger, head wider than 1.05 mm. AmtteniMB ■Uyaatrlaniis Light 

Smaller^ head less than 1.00 wide 5 

6. Head width not more than 0.90 mm 6 

Head width more than 0.90 mm 7 


6. Darker; body larger, wings shorter, head width about 0.90 mm., wings about 

6 mm. long; head more rounded and wider in proportion 

Amitermea minimus n. sp. 

Lighter; body smaller, wings longer; head width 0.85 mm. or less; wings 

more than 6 mm. long; head narrower and with straight sides 

Amitermea parmlns n. sp. 

7. Fontanel very small Amitermea parvipunctua n. sp. 

Fontanel large 8 

8. Fontanel long and narrow; venter pale Amitermea wheeler! Desneux 

Fontanel broad, with pointed ends; venter brown.... Amitermea spadix n. sp. 


Onathamitermes n. subgen. 

Diagnosis 

Alate. — Large, more than 13 mm. long with the wings; generally 
brown in color ; postclypeus about half as long as broad ; fontanel oval, 
more or less obscured by posterior inf u>scation ; preceded by a narrow 
yellowish line which is in contact with its anterior margins; eyes 
separated from lower margin by about one-half their diameter; an- 
tennae of sixteen segments; pronotum about half as long as broad. 

Soldier, — Relatively large; head width 1.10 mm. or more; head 
low, broad, rectangular or subrectangular, nearly as wide as long 
(head index about 0.95) ; mandibles long; head-mandible index never 
below 0.85 and typically about 1.00; mandibles relatively straight, 
curved but little save at tip and not strongly so there; teeth near 
middle, relatively small, variable in shape, often different on two 
mandibles and set in shallow notch in mandible. 

Type species. — Amitermes perplexiis Banks. 

Four species belonging to this subgenus were described by Banks 
(1920), A. tubiformans Buckley, A. arizonensis Banks, A. perplexus 
Banks, and A. confusus Banks. The alate of A. tubiformans is not 
definitely known. The alates ascribed to A, arizonensis and on which 
the species was based have been shown earlier in this paper to belong 
to A. wheeleri Desneux and therefore the name A. arizonensis passes 
into the synonomy of that species. An examination of the collections 
from Texas, Arizona, and California show several apparently distinct 
types. The material is limited and often from widely separated locali- 
ties. Study of more complete series may show these types to represent, 
in some cases or in all, geographical subspecies or even the variations 
of a single plastic species. At present they are not known to inter- 
grade and the only logical course is to consider them to be separate 
species. 



1038] 


Light: American Species of Amitermes 


391 


Speoiss Aiu>catei> to Onathamitermes nw sttboenos 

Amitermes acrognathus n. sp. 

Amitermes acutus n. sp. Alate» unknown, 

Amitermes ooThfusus Banks. Soldiers unknown. 

Amitermes fusom n. sp. Soldiers unknown. 

Amitermes grcmdis Light. Alates unknown. 

Amitermes infumatus Light. Alates unknown. 

Amitermes magnoctUm n. sp. Soldiers unknown. 

Amitermes nigriceps Light. Alates unknown. 

Amitermes perplems Banks. 

Amitermes tubiformans Buckley. 

As the table given below of the indices of the soldiers of the Nearc- 
tic species will show, the soldiers of these species differ distinctly 
among other characters in the location of the teeth on the mandibles, 
relative length of the mandibles, and degree of curvature of the 
mandibles. 


Indices for the Soldiers of the Nearctic Species of Gnaihamitermes 


Right Head* Mandible Head 

Species tooth mandible cnrvature Head height 

A. perplexug Banks 0.36 1.00 0.043-0.053 0.87-0.95 0.50-0.62 

A. aotttus n. sp - 0.33-0.35 1.00-1.07 0.033-0.041 0.90-0.95 

A. acrognathus n. sp. 0.41 0.95—1.00 0.049 0.90-0.95 0.60-0.65 

A. infumatus Ligrht 0.38-0.45 0.95 0.071-0.077 0.90-0.95 0.57-0.66 

A. tubiformans 0.47 0.85 0.062 0.95 0.66 


I had been early impressed with the peculiar situation as regards 
the alates described by Banks as A. ccmfusus and A. perplexns. A con- 
siderable range of experience in collecting termites in various regions 
and in studying collections made by others had convinced me that, 
save where the collecting was done only about lights, if any species 
was taken several times, particularly if in different areas, soldiers 
(and vrorkers or nymphs) or complete nest series would be taken far 
more times than alates alone, indeed that it was extremely unlikely 
that alates only of a species would be taken a number of times without 
the other castes showing up in the collections. Of course it might 
easily be true that a species could be taken once or twice swarming 
and not be taken in colony collections, but if common enough to be 
taken several times and in different regions it would be common 
enough to appear in the colony collections. This does not entirely 
eliminate, of course, those cases in which, although the alates and the 
other castes of a species are present in the collections, they are not 
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taken together but the fact that alates are taken swarming indicates 
their presence in the colonies and makes it very probable that collec- 
tions made at that time will include them. 

Further doubt was cast on this situation by observations of final 
instar nymphs of the first form reproductives of our seven California 
species of Amitermes. These showed that there was a positive correla- 
tion between the size of the soldiers and the workers of a species and 
these nymphs and therefore of the alates. Yet here were the two 
largest species in our region as regards their soldiers, A, tubiformans 
and A. arizonenm, associated with very small alates, while two species 
of very large alates were without known soldiers and workers. 

The hypothesis was set up, therefore, that A. confusus and A. per- 
plexus were alates of the tubiformcms group, probably the alates of 
A. arizonensis and A. tubiformoMS respectively, and that the alates 
ascribed to these two species by Banks belonged to some other species, 
known or unknown. As will be seen, this hypothesis has been sub- 
stantiated in general, the alates described as A. perplexus by Banks 
proving to belong with soldiers belonging to my former tubiformans 
group (new subgenus Qnathwmitermes) , although not to A. iubi- 
formans whose alate is not yet identified, and while A. confusus Banks 
has not been identified with soldiers it almost certainly represents the 
alates of one of the species of this group based on soldiers only, 
probably A. acutus n. sp. 

These species are closely related and form a compact group. I 
shall give first a more extended description of ’A. perplexus Banks 
which is well represented in nest series and make the other descrip- 
tions brief and diagnostic. The descriptions are accompanied by care- 
ful line drawings, all to the same scale, designed to bring out the 
characters on which the species are based. 

So far as known the habits are much the same for all the species 
of this group. Further observations and collections with determina- 
tion of species will be necessary to bring out any specific differences 
in habit. 

They are nearly always desert or arid-land dwellers, addicted to 
the building of earthen tubes around small vegetation or galleries over 
larger pieces which, contrary to the habits of most termites, they 
attack from the outside. Indeed, in the case of wooden structures or 
stalks of shrubs, they eat away only the very thin weathered outer 
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portion and the whitened surface areas exposed when the galleries are 
blown or washed away are a characteristic sight in much of the desert 
Southwest. 


KEY TO THE SPECIES OP THE SUBGENIJS GK ATE AMITERMES 

Alatbs 

1. Small; head 1.15 mm. wide through the eyes or less; head narrow; ocellus 

separated from eye by its long diameter A. acrognathus n. sp. 

Large; head more than 1.20 mm. wide through the eyes; head broad 2 

2. Eyes and ocelli of medium size; eye separated from posterior margin of 

head by twice its long diameter or more 3 

Eyes and ocelli large; eye separated from posterior margin of head by less 
than twice its long diameter A. magnoculus n. sp. 

3. Dark brown 4 

Light brown; fontanel and muscle markings distinct A. confusus Banks 

4. Smoky brown; fontanel conspicuous, triangular; muscle markings con- 

spicuous A., fuscus n. sp. 

Shining maliogany brown; fontanel and muscle markings obscure 

A. perplezus Banks 

S0LD1E!R8 

1. Teeth below middle of mandibles, of various types but not both shelf-like 2 

Teeth at middle of mandible; both shelf-like (lig. TT) 

A. tubifonnans Buckley 

2. Mandibles sharply narrowed at about tooth level, very slender distally; 

teeth but little below middle; neither tooth in notch.... A. acrognathus n. sp. 
Mandibles not especially narrowed at tooth level; teeth considerably below 
middle; right tooth at least in a notch 3 

3. Head subrectangular; mandibles little if at all bent in at level of teeth 4 

Head ovate, sides strongly convergent in front; mandibles distinctly inbent 

at level of teeth A. grandis Light 

4. Mandibles considerably shorter than head A. nlgriceps Light 

Mandibles as long or nearly as long as head 5 

5. Mandibles not longer than head; tips markedly inbent; mandibles distally 

dark smoky red (head of worker smoky) A infumatus n. sp. 

Mandibles as long as or longer than head; tips not strongly inbent; mandibles 
not distally smoky (head of worker yellow) 6 

6. Sides of head strongly ennvex; head distinctly broadened in front of middle; 

mandibles strongly contracted near base with a distinct convexity just 
below tooth on each mandible; right tooth very acute; distally directed 

A. acutus n. sp. 

Head subrectangular, sides faintly convex; mandibles much less strongly, 
contracted basally; tooth less acute, directed inward A. perplezus Banks 

Under natural conditions the workers of these species have a char- 
acteristic transparent, swollen, fluid-filled appearance different from 
that of any other termite known to me and which is quickly lost on 
handling and disappears at once on killing in alcohol. 
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In spite of the fact that these termites make their home in or on 
the margins of the desert or semi-desert areas of the Southwest, they 
are very susceptible to drying and high temperatures, dying on 
exposure to the sun for a period of minutes or even seconds in mid- 
summer, and are not therefore really desert animals. Mr. 0. L. Wil- 
liams has found, by means of buried instruments, that the moisture 
and temperature are practically constant at a depth of 48 inches, the 
air being saturated and the maximum temperature in May about 
76° P when the maximum external temperature runs up to 101° P. 
At this time of year the air in the tubes was found to have a saturated 
moisture content in the early morning and practically the same as 
that of the external atmosphere during the middle of the day and 
the termites were found in their tubes in the early morning but not 
during the day. During the winter months the diurnal migration is 
reversed, the cold of the night period drives the termites down and 
they are found in their outer workings only during the latter portions 
of the day, retreating again at the evening chill. These observations 
were made on A. perplexus or A. acutus, possibly both, in the Coachella 
Valley region of southeastern California. 

Portunately several collections by P. M. Gaige which were kindly 
given me for study by Dr. Emerson are nest series with aJates, 
soldiers, and workers. Most of the collections, however, consist of 
alates alone or of soldiers and workers. It is to be expected therefore 
that some of the species described will later fall into synonymy because 
of the association of alates and soldiers now described as separate 
species. 


Amitermes perplexus Banks 
Figures BB-FF, 00 and PP 

Amitermes perplexus Banks and Snyder 1920. 

Amitermes arieonensis Banks and Snyder 1920 (soldiers in part at least). 
Amitermes arieonensis Light 1930a (in part). 

Material studied . — ^Nest series with alates from Phantom Lake, 
Jeff Davis County, Texas (Gaige) ; soldiers from Coachella Valley, 
California (Castle, Emerson, Light, Pickeiis), Sabino Canyon, Arizona 
(Hofer) ; alates from Victoria and Sonora, Texas (Snyder), Verde 
Valley and Jerome, Arizona (W. W. Jones), Phoenix, Arizona (H. 
Behoteguy), and Sabino Canyon, Arizona (Hofer). 
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Descriptions 

Alate , — Generally brown; head shining mahogany brown; pro- 
notnm lighter, rusty brown ; posterior parts of meso- and metanota, 
distal half of antennae, the costal strip of the wings, the edges of the 
basal branches of the cubitus, and the abdominal tergites smoky 
brown; abdominal stemites yellow in center, laterally light smoky 
brown; postclypeus yellow, more or less overcast with pale smoky 
brown ; labrum, bases of antennae, bases of mandibles, palpi, and legs 
yellow ; distal portions of mandibles dark reddish black. 

Head (figs. BB and EE) with straight parallel sides; postero- 
lateral corners rounding very broadly into flatly convex posterior 
margin. 



Figures BB~FF. Alates of Amitermes perplexus Banks. All figures oa, X 25. 

Fig. BB. Head of alate from Texas nest series. 

Fig. OG, Pronotum of same. 

Fig. DD. Antennae of same. 

Fig. EE. Head of alate from Verde Valley, Arizona. 

Fig. FF. Pronotum of same. 

Fontanel often obscure or entirely invisible ; when visible (fig. EE) 
relatively small, nearly round, more or less infuscated behind; pre- 
ceding line more than half as long as fontanel. Muscle markings 
usually obscure save transverse which are crescentic. 

Postclypeus narrow and long; hardly twice as wide as long; flatly 
swollen; anterior margin straight; sides strongly convex, rounding 
broadly into narrow, flat, or faintly biconvex posterior margin. 

Eyes small, somewhat elongated; separated from ventral margin 
of head by about half their long diameter, from the dorsal margin by 
somewhat less than their short diameter, and from the posterior 
margin by twice their long diameter or a little more. 
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Ocelli somewhat variable in size, about half as long as diameter 
of eye, elongated, narrowed in front, separated from eye by about 
long diameter. 

Antennae of sixteen segments ; as in figure DD. 

Pronotum as in figures CC and FF; sides convex; posterior mar- 
gins clearly biconvex ; considerably longer than half its width. 


Measurbmknts of Alates of AmUermes perplexus Banks 



Texas 


Verde 

Sabino, 

Sonora 

Length with wings 

A 

. 16.20 

B 

16.00 

Phoenix 

16.00 

Valley 

14.51 

Arizona 

Texas 

Forewing length 

. 13.00 

13.00 

12.50 

11.00 

11.00 


Head length over all 

. 1.68 

1.71 

1.80 

1.71 

1.68 

1.62 

Head capsule length 

. 1.11 

1.08 

1.11 

.99 

1.08 

1.02 

Head width, through eyes.... 

. 1.26 

1.26 

1.32 

1.32 

1.26 

1.23 

Eye, long diameter 

. .29 

.29 

.32 

.29 

.29 

.28 

Ocellus, long diameter, 

. .15 

.17 

.15 

.12 

.13 

.12 

Ocellus, short diameter 

. .12 

.10 

.12 

.09 

.09 

.10 

Postclypeus length 

. .30 

.32 

.38 

.29 

.35 

.35 

Postcl3^peu8 width 

. .67 

.61 

.61 

.61 

.60 

.61 

Postclypeal index 

. .45 

.49 

.62 

.48 

.58 

.57 

Pronotum length 

. .72 

.72 

.81 

.66 

.78 

.66 

Pronotum width 

- 1.23 

1.32 

1.38 

1.32 

1.26 

1.23 


Soldier . — Head and bases of mandibles yellow; mandibles save 
bases pale red to smoky red; antennae basally whitish, distally pale 
to moderately dark smoky black; otherwise whitish. 

Head (figs. 00 and PP) broad, subrectangular ; head index 
usually 0.90 or more; sides somewhat convex to nearly straight; 
postero-lateral comers rounded ; posterior margin more or less convex ; 
head low, highest behind middle ; head height index about 0.50-0.60 ; 
head sloping gradually from highest point to clypeus; fontanel pro- 
jection scarcely visible in profile; ventral margin curving strongly 
upward in distal one-half. 

Fontanel located near front of head, about as far behind level of 
antennae as mandibular articulation is in front of it; directed for- 
ward ; its upper margin very faintly infuscate and marked by a row 
of longer hairs. 

Postclypeus and anteclypeus bilobed. Labrum triangular; tip 
acute, sides weakly convex. Antennae of fifteen segments. 

Mandibles (figs. 00 and PP) as long as or slightly longer than 
the head ; nearly straight save at tip ; tips of both somewhat incurved ; 
not humped at tooth level; teeth conspicuous, at about same level; 
left tooth prominent, triangular ; posterior face short, distal face long, 
continuous with internal border of mandible (fig. 00) or shorter and 
set off by a distal notch (fig. PP) ; right tooth prominent, directed 
inward, acute (fig. 00) or triangular (fig. PP), preceded by a distal 
notch into which tooth of left mandible fits when mandibles are 
crossed. 
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Measueements IN' Millimeters, and Indices, op Soldiers op 
Amitermes perplems Banks 

Coachella Texas Sabino Can- 



Eedlsnds 

Valley 

A 

B 

C 

yon, Arizona 

Head length 

.... 1.32 

1.26 

1.38 

1.35 

1.32 

1.29 

Head width 

.... 1.20 

1.14 

1.20 

1.26 

1.20 

1.14 

Head height 

69 

.78 

.72 

.84 


.78 

Bight mandible, length 

... 1.32 

1.26 

1.32 

1.35 

1.32 

1.32 

Eight tooth, height 

46 

.48 

.48 

.51 

.48 

.45 

Left mandible, length 

... 1.30 

1.25 


1.36 


1.36 

Mandible curvature, minimum.. 

054 

.054 


.058 


.07 

Gular length 

72 

.54 

.73 

.73 


.54 

Gular width, maximum 

... .43 

.35 

.35 

.35 


.32 

Gular width, minimum 

... .32 

.38 

.33 

.32 


.33 

Gular width, posterior 

... .35 

.39 

.38 

.38 


.34 

Head index 

... .91 

.90 

.87 

.93 

.95 

.88 

Head height index 

... .52 

.62 

.52 

.62 


.60 

Head-mandible index 

... 1.00 

1.00 

.96 

1.00 

1.00 

1.02 

Eight tooth index 

... .35 

.38 

.36 

.38 

.36 

.36 

Mandible curvature index 

... .044 

.047 


.043 


.053 


Variation . — The alates assigned to this species exhibit very con- 
siderable variation in general size and color, in degree of visibility 
and pattern of the muscle markings, in size of fontanel, and in size 
and shape of ocelli. Fortunately a nest collection with soldiers agree- 
ing perfectly with those of the collection on which the description is 
based (Gaige 158) contains alates showing the extremes of these 
variations. 

The soldiers varied so considerably as to toothing as to make it 
seem necessary at first to constitute a separate species for those from 
California and Arizona in which the two teeth are somewhat similar 
and the notchings much more conspicuous (fig. PP). The remarkable 
agreement in dimensions brought out by the measurements and indices 
between these soldiers and those from Texas makes this unwise at 
present, although careful study of complete series may later indicate 
the existence of geographic subspecies. 

Biology . — Nothing is definitely known a.s to the biology of the 
Texas collections and field observations in California and Arizona have 
not been definitely enough connected with available collections to 
make it possible to discuss their habits, although it se<^ms practically 
certain that they are builders of earthen tubes and galleries over 
desert plants and other available food material. 

The swarming dates known are June 27 at Jerome, Arizona 
(Jones), June 28 at Sabino Canyon, Arizona (Ilofer), July 12 at 
Phoenix, Arizona (Behoteguy), and August 12 at Sonora, Texas 
(Snyder). Alates were found in the colony by Gaige at Phantom 
Lake, Texas, on June 1 and July 7. 
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Amitermes acutus n. sp. 

Figure SS 

^Termea tubiformana Desneuz 1905. 

Collections examined , — Soldiers only, from several points in Cali- 
fornia: Calexico (E. Y. Porter), Dry Camp (Pickens), Edom (Emer- 
son) ; two from the Arizona border, Yuma (Porter), Nogales 
(Snyder) ; and from the Prenchy Mine near Las Vegas, Nevada 
(Light). 


Descriptions 

Alate unknown. 

Soldier , — Head (fig. SS) broad ovate, broadest in front of middle ; 
mandibles (fig. SS) as long as or a little longer than head; bent in 
near bases; convex for a short distance just below teeth; otherwise 
straight save for weak distal incurvature ; mandible curvature index 
about 0.03 to 0.04 ; teeth low on mandible, at about basal third, right 
tooth index about 0.33 ; teeth small ; left tooth low, inconspicuous, with 
a tiny sharp spine ; right tooth sharp, pointed ; varying in size from 
small to moderately large; anterior face short, posterior face long, 
merging with inner surface of mandible. 

Biology , — This species is found in the same general area as A. per- 
plexus in California and it is not always certain to which species 
records refer. 

We have a definite record by Pickens that this species builds the 
remarkable tubes over desert vegetation, mentioned and figured in my 
paper on the California species (1930a). Whether A, perplexus has 
the same habit is not certain. 


Amitermes acrognathus n. sp. 

Figures GO, HH, and QQ 

Collections examined , — A single nest series collected by F. M. 
Gaige at Phantom Lake, Davis Mountains, Texas, June 4, 1918. 

Descriptions 

Alate , — Color as in A, perplexus but generally lighter; head (fig. 
G6) generally smaller, only about 1.15 mm. wide through the eyes; 
head narrower, sides straight; fontanel small, round, with a central 
darker spot; preceding line narrow; muscle markings obscure, when 
visible transverse confluent with oblique ; eyes small ; ocelli small, sep- 
arated from eye by long diameter; postclypeus much as in A, per- 
plexus; antennae of sixteen segments, very slender; pronotum (fig. 
HH) shorter, antero-lateral comers less depressed, otherwise as in 
A, perplexus. 
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Msasubements IK Millihettebs of an Alatr of 
Amitermes aorognathus K. sp. from Texas 


Head lengfth over all 1.56 

Head capsule length 1.05 

Head width, through eyes 1.14 

Eye, long diameter 23 

Ocellus, long diameter 15 

Ocellus, small diameter 10 

Postclypeus length 29 

Postclypeus width 55 

Postclypeal index 52 

Pronotum length 66 

Pronotum width 1.14 




Figures GG~J.T. Alates of Amitermes aorognathus Light and A, oonfusus Banks. 
All figures oa, X 25. 

Fig. GG. Head of A, aorognathus. 

Fig. HH. Pronotum of same. 

Fig. II. Head of paratype of A. oonfusus from Oracle, Arizona. 

Fig, JJ. Pronotum of same. 


Soldier . — Mandibles (fig. QQ) about as long as head; not inbent 
at base ; broadly and weakly convex at base ; distinctly narrowed at 
about level of teeth; distally narrow and sharp, somewhat incurved 
gradually from tooth level; tips weakly incurved; teeth small, low, 
trian^lar, without notches, but little below middle of mandibles; 
right tooth index about 0.41. 
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MEA&UBBMENTS in MILLIMETERS) AND INDICES) OF SOLDIERS 

OF Amitennes acrognathua new species 


A B 

Head length 1.26 1.32 

Hea^l width 1.14 1.20 

Head height 0*78 0.72 

Bight mandible) length 1.20 1,32 

Bight tooth) height 0.64 0.48 

Left mandible, length 1.10 

Mandible curvature, minimunL 0,054 

Gular length 0’.67 

Gular width, maximum 0.32 

Gular width, minimum 0.32 

Gular width, posterior. 0.36 

Head index 0.90 0.95 

Head height index 0.65 0.60 

Head-mandible index 0.95 1.00 

Mandible curvature index 0.41 0.41 


Amitermes fusciu n. sp. 

Figures KK and LL 

Collections examined . — A single collection consisting of four dea- 
lates taken by Mr. D. F. Macphersoii on the roof of his house at 
Beaumont, California, on August 10, 1931. 


Description 

Alate. — Head, pronotum, and costal margins of wing scales dark 
smoky brown; remainder of dorsal surface smoky brown; ventral 
surface yellow to light smoky brown ; antennae basdly smoky brown, 
distally smoky black ; postclypeus smoky yellow. 

Head (fig. KK) with strongly converging sides rounding broadly 
into the hardly convex posterior mwgin. 

Fontanel triangular (fig. KK) with posteriorly directed apex; 
center white, sides and preceding line yellow; muscle markings con- 
spicuous, complicated, variable ; antennal spot marked by light semi- 
circular line. 

Eyes small, separated from posterior margin of head by twice 
their diameter and from dorsal and ventral margins by more than 
half their diameter. Ocellus small, lemon-shaped; separated from 
eyes by about their long diameter. 

Antennae of sixteen segments; third and fourth small. 

Pronotum as in figure LL. 

Wings lacking. 
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Mbasuhements op an Alate op Amitermes fuscus 

NEW SPECIES 


Head, length over all 1.50 

Head capsule length 1.02 

Head width, through eyes 1.20 

Eye, long diameter 0.25 

Ocellus, long diameter 0.15 

Ocellus, short diameter 0.10 

Postclypeus, length 0.32 

Postclypeus, width 0.70 

Pronotum length 0.67 

Pronotum width 1.14 




Figures KK-NN. Alates of Amitermes fuscus Light and A, maffnoculus Light. 

Fig. KK. Head of A, fuscus. 

Fig. LL. Pronotum of same. 

Fig. MM. Head of A. magnoculus. 

Fig. NN. Pronotum of same. 

Systematic position . — This species is marked by its dark smoky 
color, its small eyes and ocelli, and the conspicuous, triangular fonta- 
nel. The dark smoky color indicates that it is probably the alate of A. 
infumatus n. sp. which has been taken at Palm Springs about forty 
miles south and east. Palm Springs lies on the edge of the desert, 
however, while Beaumont marks the top of the pass. 
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Amitermes infumatus n. sp. 

Pi^re BR 

Amitermes arisonensis Light 1930h. 

Alate unknown. 

Soldier, — Head light yellow, body whitish ; antennae basally pale, 
increasingly infuscate toward tips; mandibles yellow below teeth, 
distally smoky red. 

Head (fig. HR) short and broad; subrectangular ; sides weakly 
convex; contracted in anterior quarter; postero-lateral corners 
rounded into weakly convex posterior margin. 

Mandibles (fig. RR) about as long as head ; moderately inbent in 
distal third ; bulging slightly at level of teeth ; teeth as in figure RR ; 
both distinct and inwardly directed, both in notches, right more acute. 

Antennae as in figure RR. 

This species was first noted in a single collection made at Presidio, 
near Mazatlan, Sinaloa, Mexico. An examination of the collections 
available to me now shows it to be present also in the Coachella Valley, 
California, at Palm Springs (Light), at Indio (Light), on the western 
mountain slope of the Imperial Valley (Light), and in the Chocolate 
Mountains between the Colorado and Mohave deserts at an elevation 
of 1900 feet (Pickens). 

This species is characterized by mandibles somewhat shorter than 
the head, strongly curved distally (mandible curvature index .071- 
.077), by toothing similar to that of the California form of A. per- 
plexus but with the notch preceding the left tooth more distinct. The 
workers also have very strongly infuscated heads, the antennae of both 
castes are dark smoky black, and the mandibles are darker than usual 
in A, perplexus. 

Biology, — This species builds earthen tubes over small shrubs, 
usually over dead portions, over sticks and pieces of wood on the 
ground, and occasionally builds broader galleries over dead stalks of 
creosote bush {Larrea tridentata). In the lower reaches of the mouth 
of Tahquitz Canyon, just west of Palm Springs, evidences of their 
work begin to appear as soon as the rocky zone is reached where the 
soil is disintegrating granite and from this point, which is not very 
much above the valley floor, extend for at least several hundred feet 
to the top of the ridge which forms the north wall of the canyon. The 
workings are at irregular but frequent intervals, twenty to a hundred 
feet apart. Altogether at least a hundred instances were noted. In 
no case were the workings extensive, in no case did they exhaust the 
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Fig. OO. A, perplexus Banks from Texas. 

Fig. PP. A. perplexus Banks from Arizona. 
Fig. QQ. A. aerognathua Light from Texas. 
Fig. RR. A. mfwmatus Light from Oalifomia. 
Fig. SS. A, acutus Light from California. 
Fig. TT. A. tuhiformans Banks from Texas. 
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available supply of material. Indeed in practically all cases the sur- 
face showing signs of their attacks was a very small fraction of that 
available. In the greater number of instances the part attacked was 
the dead stalks of creosote bush {Lwrrea tridentata) and seldom more 
than one or two of the five to twenty-five stalks would be attacked 
and these only over a relatively small portion of their surface. No 
signs of grouping of these workings were to be made out aside from 
one or two cases where two were found within a few feet of one 
another. These individual workings are about what one would expect 
from small groups of less than a hundred individuals. This situation 
raises some interesting questions as to the size of colonies, the effective 
working radius of a single colony, whether the above-ground food 
sources are the only ones or are secondary to more important under- 
ground sources, and whether the wood thus obtained is used directly 
or as a material for constructing fungus gardens. 

Three hypotheses suggest themselves: (1) that there are many 
small colonies, each working representing the activity of one such 
colony; (2) that there are a few large colonies covering a wide range 
in small foraging bands, or (3) that there are many large colonies, 
the major food supply of which is below ground, the above ground 
feeding being somewhat secondary. 

Superficial appearances point to the correctness of the first 
hypothesis but it runs counter to our experience which indicates large 
colonies as characteristic of the family Termitidae in general, of some 
at least of the other species of Amitermes, and even of A, arizonensis 
in other situations. 

Superficial appearances do not seem such as would be expected 
from wide ranging colonies. The distance between workings is rela- 
tively great and the difficulties are increased on the boulder-strewn 
mountain side where progression for fifty feet would probably indicate 
several times that under ground. The rapidity with which workers 
tunnel through the fine sand of laboratory cultures is truly amazing. 
Eight workers left through a relatively cold night in a culture dish 
full of moist sand not only adjusted themselves to the new situation, 
but built three covered entrances, and very extensive underground 
trails by morning. At least five inches of such trails were visible. 

In support of the third hypothesis, that the major food supply 
lies under ground and the above-ground feeding is secondary, is the 
statement of Snyder (Banks and Snyder 1920, p. 179) concerning the 
closely related A. tubiforma/ns Buckley, that ^*in the prairie regions 
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of both Texas and Arizona this termite lives in the ground, feeding on 
the roots of grass and other vegetation.’^ As further evidence of the 
secondary nature of the above-ground food supply is the fact that of 
the many pieces of wood showing signs of previous feeding, only 
a remarkably small percentage showed signs of present use. It was 
interesting to note, however, that those pieces on which work was 
going on or which showed signs of previous use and were partly 
buried, never showed any sign of attack on the portion under ground. 
Indeed I have never found this species attacking wood under ground. 
Its runways ramify extensively though the soil and it is quite possible 
that roots furnish its food, but for this there seems to be no direct 
evidence. 

While working extensively in the soil this species differs from the 
species of Amitermes s. st. of this region in the lighter color of its 
abdomen. Not only does there seem to be a much smaller amount of 
dark material (earth?) in the intestine but under natural conditions 
the abdomen seems swollen with a clear liquid. This is lost on fixation 
and indeed on handling, and workers in laboratory colonies have the 
abdomen much shrunken. 


Amitermes confusus Banks 
Figures II and JJ 

Amitermes oonf usvs Banks and Snyder 1920. 

Collections examined. — Paratype individual, Oracle, Arizona 
(Schwarz) ; Verde Valley, Arizona (W. W. Jones) ; Victoria, Texas 
(Mitchell). 

A redescription follows based on a paratype individual from the 
type collection made by E. A. Schwarz at Oracle, Arizona, July 2. 

Alate , — Generally brown, but lighter than in A. perplexus; hairing 
generally very dense; head (fig. II) very broad, sides straight; 
postero-lateral corners rounding very broadly into broad, we^ly 
convex posterior margin. 

Fontanel broad, conspicuous, infuscated behind, anterior end 
V-shaped, brilliant white ; preceding line long, slender ; muscle mark- 
ings conspicuous, as in figure II. 

Eyes slightly elongated dorso-ventrally ; separated from dorsal and 
ventral mai^ins of head by about half their diameter and from pos- 
terior margin by more than twice its diameter. Ocelli as in A. perplexus. 

Postclypeus light, not greatly swollen, somewhat more than half 
as long as wide. 

Pronotum (fig. JJ) very similar to that of A, perplexus. 

Soldier unknown. 
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Measurements of Paratypb Alate op Amitermes 


oonfusus Banks 

Length without wings 7.50 

Length of forewing 13.50 

Head length over all 1.66 

Head lengfth 0.86 

Head width 1.36 

Head height 0.51 

Eye, long diameter 0,26 

Ocellus, long diameter 0.17 

Ocellus, short diameter 0.12 

Postclypeus length 0.35 

Postclypeus width 0.73 

Pronotum length 0.72 

Pronotum width 1.18 


Discussion, — This species approaches A, perplexus very closely and 
study of more extensive collections may very probably prove it to be 
the same or it may prove to be the unknown alate of A. acutus. 


Amitermes magnoculus n. sp. 

Figures MM and NNj plate 1, figures 5, 6, 10, and 11 

Material examined, — Two collections of alates from Calexico on 
the southeastern California border (Bennington). 

Descriptions 

Alate, — Generally brown; head light mahogany with a smoky 
tinge; postclypeus, labrum, palpi, basal joint of antennae, legs, and 
abdominal sternites yellow to light smoky brown; antennae basally 
light, distally pale smoky black-brown ; protiotum lighter than head, 
rusty ; abdominal tergites smoky brown. 

Head (pi. 9, fig. 5; fig. MM) broad; sides straight, rounding very 
broadly into flatly convex posterior margin. 

Fontanel (fig. MM) long oval, broadest in front; centrally marked 
by a black area of varying size and shape ; anteriorly a narrow white 
V makes a Y figure with a narrow preceding line. Muscle markings 
as in figure MM ; oblique lines short, comma-shaped ; transverse lines 
obscure, short, not touching oblique lines. 

Eyes large; not strongly projecting; somewhat elongated antero- 
posteriorly with truncated antero-dors^ faces; separated from dorsal 
and ventral margins of head by about half their long diameter and 
from posterior margin by less than twice their long diameter. Ocelli 
large; longer than half diameter of eye; not greatly uplifted, 
separated from the eye by less than their short diameter. 

Postclypeus only slightly swollen; otherwise as in A. perplexus. 
Antennae (pi. 9, fig. 5) of sixteen segments, slender; distally nar- 
rowed ; thirf segment very short, fourth but little longer. 

Pronotum (pi. 9, fig. 6; fig. NN) much as in A. perplexus. 
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Measubkkents inr Millimetbbs of an Alate of 
Amitermes mofftioovXus Nxrw’ speoiss 


Head length over ail 1.74 

Head capsule length 1.17 

Head width, through eyes 1.30 

Eye, long diameter 0.31 

Ocellus, long diameter 0.19 

Ocellus, short diameter 0.15 

Postclypeus length 0.31 

Postclypeus width 0.58 

Postclypeal index 0.53 

Pronotum length 0.75 

Pronotum width 1.23 


Soldier unknown. 



Figures UU-WW. Soldiers of Amitermes foreli Wasmann and Amitermes par- 
mdus new species. 

Fig. UU. Head of mounted paratype soldier of A, foreli in dorsal view. 

Pig. VV. Antenna of same. 

Pig, WW. Head capsule and mandibles of dried soldier of A, parwius in 
dorsal view. 

Biology . — These alates were first taken by Mr. W. L. Bennington 
at Calexico, California, between 7 :00 and 8 :00 p.m. on September 11, 
1930, following a hard rain, almost a cloudburst, between 4:15 and 
5 :00 P.M. Attention was first attracted by the large number of wings 
on the sidewalk and pairs were then found running around. This 
would seem to indicate that flight had taken place somewhat earlier. 
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Several alates of Heterotermes aureus Snyder were taken with these. 
Agfliti this year (1931) Mr. Bennington sent me specimens found 
swarming on the evening of Augu.st 4 following a gentle rain of about 
.5 inch in the afternoon. As before alates of Heterotermes mreus were 
swarming at the same time. 

Amitermes tubiformans (Buckley) 

Figure TT 

Termes tubiformans Buckley 1863, Deeneux 1905. 

Amitermes tubiformans Wasmann 1902, 1903, Liffht 1930b. 

Amitermes tubiformans Banks and Snyder 1920 in part (soldiers and 
workers). 

Eamitermes tubiformans Holmgren 1912. 

? Amitermes perplexus Banks 1920 (in part perhaps). 

Not Termes tubiformans Besneux 1905. 

Not Amitermes tubiformans Banks and Snyder 1920 (aJates). 

While Buckley’s description of this termite (1863) is very inade- 
quate, as Desneux points out, yet the presence of soldier mandibles as 
long as the head, and the nature of the teeth indicate that he had a 
species of the tubiformans group, the subgenus Onathamitermes as 
here defined. That it was the species described by Banks (1920) as 
A, tubiformans so far as soldiers are concerned, is indicated by the 
following characters: (1) ‘‘a small tooth about midway on their 
(mandible) inner margin” and (2) ‘‘head oval.” The tooth in the 
soldiers of the other species of the subgenus is distinctly below the 
middle of the mandible and the head is rectangular or nearly so in 
those known from the United States. The “Female?” of Buckley is 
of course a late instar reproductive nymph. It is unfortunate that he 
did not give measurements since these might perhaps have prevented 
the confusion of alates, for which Banks is responsible, although Des- 
neux ’s clean-cut description of the alate of “Termes tubiformans” 
(1905) did not. A careful consideration of Desneux ’s description of 
Termes tubiformans (1905) makes it practically certain that the 
species he describes is one of the other species of the subgenus Gnath- 
amitermes, probably A. acragnathus n. sp. or A. perplexus Banks. 
He emphasizes the straightness of the mandibles, for example 

(“presque droites, avec la pointe un peu incurvee ”) and 

places the tooth at the basal one-third (“vers le premier tiers”). This 
conclusion is strengthened by the fact that Oaige who collected in 
the same locality (Fort Davis, Texas) took several colonies of A, 
acragnathus n. sp. and A, perplexus Banks but none of A. tubiformans. 
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Desneux himself was in doubt as to the correctness of his identifica- 
tion, “Ce n’est pas sans quelqne hfeitation qne j’ai rapporte k cette 

espke les exemplaires qne je d6cris ici ’’and farther on, 

“Je possede un soldat de 1 ’Arizona, qui differe a peine de cenx du 
Texas, et qui appartient sans doute aussi au T. tuiiformans.” 

Whether Desneux ’s species was A, tuhiformans or one of the other 
species of the subgenus, it is difficult to understand why Banks should 
ignore his description of the alates in which their large size is indi- 
cated, for example, by a forewing 12 millimeters in length, while the 
alates which Banks ascribed to A. tuhiformans and A, arizonensis are 
only 9 millimeters long with the wings ! 

In the absence of a nest series it is impossible to assign an alate to 
A, tuhiformans (Buckley), although it is possibly represented by 
A, confusus Banks which is based on alates alone. A nest series^ 
including alates and soldiers of A. tuhiformans is much to be desired 
to settle this question. 

That the alates allocated to this species by Banks (1920) do not 
belong here is clearly shown by the fact that first-form reproductive 
nymphs of A. tuhiformms have a head breadth of 1.10 to 1.12 mm. 
and a pronotum breadth of about 1.10 mm., while the alates supposed 
by Banks to be those of A. tuhiformans have a head breadth of about 
1.00 mm. and a pronotum breadth of less than 0.8 mm. Earlier in this 
paper these alates are described as A. spadix n. sp. 

Measuiu&msnts in* Millimeters, and Indices, of Soldier 
OF Amitermes tuhifomums (Buckley) from Texas 


Hoad length 1.32 

Head width 1.25 

Head height 87 

Right mandible, length 1.14 

Height of tooth 54 

Left mandible, length 1.20 

Mandible eurvature, minimum 04 

Head index 0.95 

Head height index 0.66 

Head-mandible index 0.85 

Right tooth index 0.47 

Mandible curvature index 0.062 
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EXPLANATION OF PLATES 



PLATE 9 

Photomicrographs of Amedcaa species of Amitermes SUvestri. (Figures 1*<6 at 
same maguMcatioiL) j. 

Fig. 1. Head of aJate of Amitermes (Amitermes) nhestrianm light. 

, Fig. 2. Proaotum of same. 

3. Head of alate of A. (A.) minimw Light. 

Fig. 4. Pronotum of same. 

Fig. 5. Head of alate of A. (Gnathemiterme^) magnocvhis Light. 

Fig. 6. Proaotum of same. 

(Figures 7~9 at same magaideatioa.) 

Fig. 7. Kaadibles of alate of A. (A.) mliwmm Light. 

Fig. 8. Maadibles of alate of A. (A.) sUvegtrumm Light. 

Fig. 9. Mandibles of alate of A« (G.) fmgwxmlus light. 

(Figures 10-13 at same magaifieation.) 

Fig. 10. Porewing of A. (0.) imffnoauJm Light. 

Fig. 11. Hindwing of same. 

Fig. 12. Forewing of A. (A.) aUmwtfimm Light. 

Fig. 13. Hiadwiag of same. 






PLATE 10 


Phototoierograph of a mounted paratype soldier of JnUtermea foreU Wasmann. 
Fig. 1. In dorsal view with head in horizontal position. 

Fig» 2. In side view. 
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Eritrea, 247-255. 

A Revision of the Genus Diversiner- 
vus Silvestri, Encyrtid Parasites 
of Coccids (Hymenoptera), 233- 
245. 

A Study of linniature Forms of Some 
Curculionidae (Coleoptera), 89- 
104. 

Acknowledgments, 20, 89, 106, 137, 276, 
311, 355. 

Acrobasis nebulella, 275. 
caryae, 275. 

Alates of Nearctic Amitermes s. sir, 
key to, 389 f. 

Allman, Stuart I., Studies of the Anat- 
omy and Histology of the Repro- 
ductive System of the Female 
Codling Moth Carpocapsa po- 
monella (Linn.), 135-164. 

Amifer group of Amitermes, 362. 

Amitermes acrognathus, 398. 
acutus, 398. 
amifer, 359, 362. 
arizone/nsis, 366, 379, 
brevieorniger, 359. 
boaumonti, 370. 
calif ornic'ns. 366. 
coacliellae, 371, 373. 
confusus, 405. 
emersoni, 375. 
foreli, 365. 
fuscus, 400. 
infumatus, 402. 
magnoculus, 406. 
medius, 359, 361. 
minimus, 377. 
pallidus, 385. 
parvipunctus, 388. 
parvulus, 379. 
perplexus, 390, 394, 397. 
silvcsterianus, 380. 
snyderi, 384. 
spadix, 388. 
tubiformans, 408. 
whceleriy 366. 

Amitermes arizonensis, diagnosis, 181, 
182 ; measurements of soldiers and 
workers, 182, 218; distribution, 


183, 218; biology, 183, 184; varia- 
tion, 218. 

Amitermes beaumonti, redescription 
of t}T)es, 370. 

Amitermes californicus, diagnosis, 184 ; 
measurements of soldiers and 
workers, 185, 186; distribution, 
186, 224; biology, 187, 225; vari- 
ation, 225. 

Amitermes coacliellae, diagnosis, 200; 
biology and distribution, 200; 
measurements of soldiers and 
workers, 201; physogastric queen, 
373. 

Amitermes cryptodon, diagnosis, 222 ; 
description, 222 ; measurements of 
soldiers, 222 ; biology and distribu- 
tion, 223. 

Amitermes, distribution of American 
species, 173, 174; biological prob- 
lems presented by American spe- 
cies, 173, 174; definition of terms 
of dimension and proportion, 176; 
phylogenetic groupings of Califor- 
nia species, 179, 180, and key to 
soldiers, 180; location of types, 
356 ; history of genus, 357 ; sub- 
genera, 357 ; workers, 358 ; groujis, 
358 ; de8CTi])tion of terms, 360. 

Amitermes emersoni, diagnosis, 187 ; 
descriptions, 187; measurements 
of soldiers and workers, 1 89 ; biol- 
ogy and distribution, 190. 

Amitermes ensifer, diagnosis, 223 ; de- 
scription, 223; measurements of 
soldiers, 224; biology and distribu- 
tion, 224. 

Amitermes foreli, redescription, 365. 

Amitermes grandis, diagnosis, 220 ; 
description, 221 ; measurement of 
soldiers, 221 ; biology and distribu- 
tion, 221. 

Amitermes nigriceps, diagnosis, 219; 
description, 219; measurements of 
soldiers, 220 ; biology and distribu- 
tion, 220. 

Amitermes perplexus, type species of 
Onathamitermes, 390, 394; sol- 
diers, 397. 
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Amitermes Silvestri phylogenetic group- 
ings of American species, 215-217 ; 
key to soldiers of northern new 
world species, 217, 218; revision 
of American species, 355^14; list 
of American species, 359; incom- 
pleteness of collections, 359. 

Amitermes silvestrianus, diagnosis, 
190; description, 190; measure- 
ments of soldiers, workers, and re- 
productive nymph, 191; distribu- 
tion and biology, 191. 

Amitermes snyderi, diagnosis, 192 ; de- 
scriptions, 193; measurements of 
soldiers, 193, and of workers, 194; 
distribution and biology, 194. 

Amitermes s. sir,, key to alates of Ne- 
ar c tic, 389. 

Amitermes tubiformans, measurements 
of soldiers, 195. 

Amitermes wheeleri Desneux, diagnosis 
of second form reproductive, 195 ; 
of soldiers and workers, 196; de- 
scription of second form reproduc- 
tive, 196, 197 ; measurements, 197, 
198 ; distribution, 198 ; biology, 
199. 

An Annotated List of tbe Insects and 
Arachnids Affecting the Various 
Species of Walnuts or Members 
of the Gonus Juglans Linn., 275- 
309. 

Anarhopus, 15; Arhopoideus Girault 
compared with, 15. 

Anarhopus sydneyensis, 18; antenna 
of female figured, 17. 

Anatomy, internal and external of 
head, Carpocapsa pomenella. See 
Head. 

Anusoidea comperei, 11 ; antenna fig- 
ured, 11, 14. 

Arachnida, 218. 

Argoplace leucolreta, 275. 

Arhopoideus, Girault, compared with 
Tetracnemus, 6. 

Arizona desert termite. See amitermes 
arizonensis. 

Ashmead, W. H., cited on Catolaccus 
cerealellao, 312. 

Aulonium longum, 119. 

Baeoanusia, 257. 
minor, 249, 263. 
oleae, 249, 258. 

Baeoanusia oleae, 249, 258 ; oviposition, 
259 ; eggs and larvae, 260 ; adults, 
261; illustrated, 262. 

Bail, E. C., cited on Eutettix tenelius, 
38, 73, 78; on the number of gen- 
erations in Hemiptera, 77. 

Barrett, Balph E., A Study of the Im- 
mature forms of some Curculioni- 


dae (Ooleoptera), 89-104; An 
Annotated List of the Insects 
and Arachnids Affecting the Va- 
rious Species of Walnuts or Mem- 
bers of the Genus Juglans Linn., 
275-309. 

Beetles, bark, in western yellow pine, 
biology, 105; life-history stages, 
107 ; rearing experiments, 107. 

Biology of Ooleoptera associated with 
bark beetles in western yellow 
pine, 105-134. 

Bombyx inori, 142; bursa copulatorix, 

■ 142. 

Borax-carmine as stain for larva of 
codling moth, 21. 

Brachyrhinus, generic characters of, 
larvae found in United States, 
92 ff. 

ovatus, host yjlants, 94; characters 
of larvae, 94 ; of pupa, 94 ; figured, 
95, 97, 100. 

rugosostriatus, host plants, 96 ; char- 
acters of larvae, 96; of pupa, 96; 
figured, 95, 97, 98, 101. 
sulcatus, host plants, 92; characters 
of larvae, 92 ; of pupa, 94 ; figured, 
95, 97, 99. 

Bruchophagus funebris, 313, 

Bursa copulatrix, 141; in Carpocapsa 
pomonella, 142; in Bombyx mori, 
142; in Danais archippus, 142; in 
Tortrix viridana, 142 ; in Crarnbus 
pratellus, 142. See Carpocapsa po- 
monella. 

California desert termite. Sec Amiter- 
mes calif ornicus. 

California species of Amitermes, key 
to soldiers, 180. 

California, Tetracnemus pretiosus colo- 
nized in, 5. 

Carpocapsa pomonella, 19-36, 135, 164 ; 
material and methods used in 
study, 20, 137; external anatomy 
of head, 21; internal anatomy of 
head and moutliparts, 25 ff. ; cen- 
tral nervous system, 34; discus- 
sion, 35 ; reproductive system, 
gross anatomy, 138 ; external open- 
ings, 138; ovaries, 140, 146; geni- 
tal ducts, 140, 148 ; bursa copulat- 
rix, 141, 148; spermatheca, 143, 
148; seminal duct, 143, 149; ac- 
cessory glands, 143, 149; internal 
rods, 145; histology of reproduc- 
tive system, 146; number of eggs 
in single ovariole, 146; colleterial 
reservoir, 152; summary, 153, See 
also Codling moth ; Head ; Nervous 
system. 

Catolaccus cereal ellae, 312. 
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Cheiloneurus obscurus, 250. 

Coachella desert termite. See Amiter- 
mes coachellae. 

Coccophagus, 253, 254. 
baldassarii, 251, 252. 
eleaphilus, 254. 
eritreaensis, 254. 
gumeyi, 1~3; figured, 2, 3. 
ochraceus, 250. 
saintebcauvei, 251. 

Codling moth, larva, morphological 
studies of the head and mouth- 
l^arts, 19-36; studies of the anat- 
omy and histology of the female 
reproductive system, 135-164. See 
also Carpocapsa pomonclla ; Head ; 
Nervous system. 

Coleoptera, 285; associated with bark 
beetles, 105. 

Colorado Desert, seven distinct species 
of amitcrines in, 355. 

Compere, Harold, Description of a 
New Species of Coccophagus 
Recently Introduced into Califor- 
nia, 1-3; Revision of the Q-enus 
Diversinervus silvestri, Encyrtid 
Parasites of Coccids (Hymenop- 
tera), 233-245; A Discussion of 
the Parasites of Saissetia oleae 
(Bern.) Collected in Eritrea, 247- 
255 ; The African Species of Baeo- 
anusia, an Encyrtid Genus of Hy- 
perparasites (Hymenopter a), 257- 
264; New Encyrtid Hymenopte- 
rous) Parasite of a Pseudoccus 
Species from Eritrea, 265-274. 

Conotrachclus juglandis, 275. 

Contribution Toward a Revision of 
the American Species of Amiter- 
mes Silvestri, 355-414. 

Craiiibus prat ell us, bursa copula trix 
in, 142. 

Cryptodon group of Amitermes, 384. 

Cylistosonia linearc, 109. 

Danais archippus, bursa copulatrix 
in, 142. 

Dentitrrmcs forelL See Amitermes 
foreli. 

Dendroctonus brevicomis, 106, rearing 
experiments, 107; studies, 107. 

Description of a New Species of Coc- 
cophagus Recently Introduced 
into California, 1-3. 

Diversinervus, 233 ; key to females of 
species, 2.34; to males, 235. 

Diversinervus de santisi, 239, 240. 
elegans Silvestri, 241 ff. 
merldionalis, 237, 238. 
scutatus, 235, 236. 
silvestri, 239. 


Diversinervus elegans Silvestri, 241, 
249; oviposition, 242; eggs, 244; 
taxonomy of adults, 244. 

Emerson! group of Amitermes, 369. 

Emerson’s desert termite. See Ami- 
* termes emersoni. 

Encyrtidae from New South Wales, 
5-18. 

Encyrtus, 255. 

English walnut introduced into Cali- 
fornia, 271. See also Juglans regia. 

Enoclerus lecontei, 106. 

Euaphycus helvolus, 252. 

Eulissus, 127. 

Eutettix tenellus, methods of breed- 
ing, 39; life-cycle, 42-50; spring 
brood, 50-58; found on fog weed, 
Russian thistle, sugar beets, heart- 
scale, 52, and on red stem filaree 
and alkali heath, 53 ; second brood, 
58-62; third and fourth broods, 
63-67; comparison of development 
of broods in two life-histories, 67 ; 
overwintering of adults, 67-72; 
number of generations, 73; dis- 
cussion, 77; summary, 79. 

Euxanthellus phillippiae, 255. 

Excellens group of Amitermes, 384. 

Ganglion. See Nervous system. 

Girault, A. A., cited on Ilabrocytus 
cerealellae, 312. 

Glands of Carpocapsa pomonella man- 
dibulary, 29; spinneret and silk, 
32; accessory, 32; reproductive, 
143 f. 

Gnathamitermes, 357, 391; diagnosis, 
390; species allocated to, 391; 
key to species of subgenus, 393; 
heads of soldiers of Xearctic siie- 
cies, illustrated, 403. 

Grophisurus spectabilis, 114. 

Habrocytus, 312. 
bedeguaris, 341. 

cerealellae, 311, 312 passim. 313 ; 

illustrated, 316. 
mcdicaginis, 313. 

Habrocytus ceraelellac, 311; history 
of parasite, 312; originally de- 
scribed by Ashmead, 312 passim.; 
laboratory methods used in study, 
313; precise experimental work, 
314; larvae, 314; life-cycle, 315; 
diliiculty-in fixing and mounting, 
315, 317; morphology, 317 ff; 
adult, 317, 331; general char- 
acters, 319; the ovipositor, 319; 
the egg, 323, and illus., 322; the 
larva, 324 ff.; biology, 331 ff.; 
length of life, 331; reaction to 
temperature and to light, 332; 
food requirements, 333; partho- 
genesis, 333; sex ratio, 333; mat- 
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ing, 333 f . ; preoviposition period, 
335; oviposition, 335; period of 
oviposition, 338; total eggs de- 
posited, 338; superparasitism, 
339; stages of host parasitized, 
342; egg stage, 342, larval stages, 
343 ; length of larval period, 346 ; 
growth in various larval stages, 
347; influence of food deflciency, 
347; pre-pupal stage, 349; pupal 
stage, 350; emergence of adult, 
350; length of life-cycle of para- 
site, 351; and of host, 351. 

Haegele, R. W., cited on number of 
broods of beet leafhopper, 38. 

Hamitermes. See Amitermes. 

Mamitermes foreli. See Amitermes fo- 
reli. 

Hamitermes hamifer. See Amitermes 
amifer. 

Head and mouthparts of mature eod- 
ling-moth larva, morphological 
studies, 19-36. 

Head-height index of Amitermes of 
California, 360. 

Head, external anatomy, Carpocapsa 
pomonella, 21; vertex, 21; dorsal 
aspect, 21 ; epicranal sutures, 21 ; 
epicondyles, 21; epicrania, 23; 
epistomal or frontoclyfK*al suture, 
23; f rolls, 23; epistomal ridge, 
23; clypeus, 23; ventral aspect, 
23; postgenae, 23; hypostoma, 
23; hypostomal suture, 23; setae, 
23; simple eyes, 23; antennal pits, 
24; antennae, 24. 

internal anatomy, Carpoeapso pomo- 
nella, 25 ff.; mouth parts, 25 ff.; 
labrium, 25; epiiiharynx, 26; 
labium, 26; hypopharynx, 26; 
labial palpi, 26; maxillae, 27; 
maxillary palpi, 27; galeae, 27; 
maxillary lobes, 27; mandibles, 
29; mandibulary glands, 29; spin- 
neret and silk glands, 32; silk 
press, 32; silk ducts, 32; acces- 
sory glands, 32; posterior and 
anterior arms of tentorium, 33-34; 
tentorial plate, 34. 

Histeridae, 108. 

Homoporus vassilievi, 341. 

Host plants of Eutettix tenellus. See 
Plants. 

Hypera punctata, figured, 95, 97, 98; 
host plants, 98; characters of 
larvae, 98. 

Hypopliloeus, 120; habits, 120. 
bicolor, 121. 
castaneus, 121. 
fasciatus, 121. 
flavipennis, 121. 
fraxini, 121. 
linearis, 120. 


longulus, 121. 
parallelus, 121. 
pini, 121. 

substriatus, 106, 120 ; stages of, 122, 
larvae, illustrated, 123; adults, 
illustrated, 124, life-history and 
habits, 125. See also Platysoma 
punctigerum ; Nudobius pugeta- 
nus ; Plegaderus nitidus. 

Imms, A. D., cited on use of Berlese 
fluid, 315. 

Index, mandible curvature, of Cali- 
fornia Amitermes, 360; right 
tooth, 360; head height, 360; 
postcylpeal, 360. 

Ips emarginatus, 114. 

Isosoma eremitum, 341. 
var. nod ale, 341. 

Juglans Linn, natural distribution of 
genus, 277 f. 

Juglans regia, most serious insect 
pests of, in California, 275, and 
those not yet introduced, 275; 
history, 276. See also English wal- 
nut. 

Key, to soldiers of California species 
of Amitermes, 180; of New 
World species, 217, 218; to species 
of Diversinervus, females, 234; 
and males, 235. 

Kingsbury, B. F., and Johannsen, O. 
A., cited on histological techni- 
que, 315. 

Knowlton, G. E., cited on life-history 
of boot leafhopper, 38. 

Kurdjumov, N., cited on Ashmead’s 
classification of subfamily Petero- 
malinae, 312; on Ilabrocytus, 312. 

Leptomastix abyssinica, 267. 

Life-history of Beet Leafhopper, 
Eutettix tenellus (Baker) in Cali- 
fornia, 37-88. 

Light, S. F., The California Species of 
the Genus Amitermes Silvestri 
(Isoptera), 173-214; The Mexi- 
can Species of Amitermes Silves- 
tri (Isoptera), 215-232; Contri- 
bution toward a Revision of the 
American Species of Amitermes 
Silvestri, 355-414. 

Listroderes obliquus, figured, 95, 97, 
98, 102; host plants of, 100; char- 
acters of larvae, 101; of pui)a, 
103. 

Literfiture cited on : Morphological 
Studies of Head of Carpocai)sa 
pomonella, 36 ; Life-history of 
Beet Leafhopper, Eutettix tenel- 
lus, 81 ; Immature Forms of Some 
Curculionidae (Coleoptera), 104; 
Coleoptera Associated with Bark 
Beetles, 133 ; Reproductive System 
of Female Codling Moth, 154; Na- 
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crorileya oecanthi Ashm., 172; 
California Species of Amitermes 
Silvestri, 202, and the Mexican 
Species, 226; Pests of the Genus 
.Tuglans, 305 ; Studies of Habrocy- 
tus cerealellae, 354 ; A Revision of 
American Species of Amitermes, 
410. 

Lopez, Alonzo W., Morphological 
Studies of the Head and Mouth- 
parts of the Mature Codling- 
moth Larva, Oarpocapso pomo- 
nella (Linn.), 19-36. 

Macrorileya oecanthi Ashm. A Hy- 
menopterous Egg Parasite of 
Tree Crickets, 165-172. 

Macrorileya oecanthi Ashm. an Euryto- 
mid parasitic on the eggs of tree 
crickets, 165; Ashmead’s descrip- 
tion, 165; eggs deposited by side 
of liost, 165; adult stadium, 166; 
the egg, 167; larval stadium, 168; 
pupal stadium, 171 ; reared from 
eggs of Oecanthus niveus and O. 
calif ornicus, 172. 

Mandible curvative index of California 
Amitermes, 360. 

Medius group of amitermes, 360. 

Metaphycus lounsburyi, 250. 

Morphological Studies of the Head 
and Mouthparts of the Mature 
Codling-moth Larva, Carpocapsa 
pomonella (Linn.), 19-36. 

Mouthparts of Carpocapsa pomonella, 
19-36. Srr also Carpoca])sa. pomo- 
nella ; Head. 

Natural distribution of members of 
the Genus duglans Tdnn,, 277 f. 

Neodiscodes, 272. 
martlnli, 274. 

Nervous system, central, of Carpocapsa 
pomonella, 34flF.; brain, 34; sub- 
oesophageal ganglion, 34; oeso- 
phageal connections, 34. also 
Carpoc apsa pom onella. 

New Encyrtid (Hymenopterous) 
Parasites of a Pseudococcus 
Species from Eritrea, 265-274. 

NeAv South WalCvS, Enevrtidae from, 5- 
18. 

New World species of Amitermes, key 
to soldiers, 217, 218. 

Noble, Norman S., Studies of Habro- 
c:H^us cerealellae (Ashmead), a 
Pteromalid Parasite of the An- 
goumois Grain Moth, Sitotroga 
cerealellae (Olivier), 311-354. 

North Warner Mountain district, Mo- 
doc County, California, life-his- 
tory of bark beetles studied in, 
107. 


Nudobius cephalus, 128. 
collaris, 127. 
corticalis, 128. 

Icntus, 127. 

pugetanus, 106, 127 ff. ; stages of, 
128, 130; illustrated, 129; life-his- 
tory and habits, 130 ff. See also 
Hypophloeus substriatus ; Platyso- 
ma punctigerum ; Plegaderus niti- 
dus. 

Oecanthus niveus and O. californicus, 
Macrorileya oecanthi reared from 
eggs of, 1*72. 

Oligesthenus stigma, 341. 

Othnius lugubris, 113, 132. 

Oviposition, procedure, in Oecanthi ni- 
vens, 167; in Piversinervus ele- 
gans, 242, 249 ; in TTabrocytus, 340. 

Pantomorus godmani, host pl.ants of, 
90; characters of larvae, 90; fig- 
ured, 95, 97. 

Perris, E., cited on insects infesting 
maritime pine, 106. 

Persian walnut. See Juglans regia. 

Person, H. L., cited on life-history and 
habits of Enoclerus lecontei, 106. 

Peteromalid, an unidentified species 
parasitic upon larvae of Macrori- 
leya oecantbi, 172. 

Phthorimaea operculella, 313. 

Phylogenetic grouping of California 
species of Amitermes, 179, 180. 

Plants, host, of Eutettix tenellus, 52; 
Atriplex argentea ex])ansa, 52, 71 ; 
Ralsola kali tenuifolia, 52, 71 ; 
Beta vulgaris, Atriplex cordulata, 
52; Erodium cicutarium, 53, 71; 
Frankenia grandi folia, Hensizonia 
virgnta, 53; Brassica nigra, 58; 
Atriplex bracteosa, 71, 74, 75, 76; 
Atriplex semibaccata, 71 ; Atri- 
plex elegans, 76, 77; Chenopodium 
murale, 77, 78; Pantomorus god- 
mani, 90; Brachyrhinus sulcatus, 
92; ovatus, 94; B. rugosostriatus, 
96; of Listroderes obliquus, 100. 

Platysonia compressum, 108. 
deplanatum, 109. 
oblongum, 108. 

punctigerum, 106, 108, 110, 112. 
urvillei, 109. 

Platysonia punctigerum, 106, 108, 110, 
112; stages of, 109-13; larva, il- 
lustrated, 110; prepuy)al larva, 
pupa, adult larva, 111; illustra- 
tion of adult, 112 ; life-history and 
habits, 113-114; beneficial impor- 
tance, 115. 

Plegaderus nitidus, 106, 115-116; 

stages of, 116-118; illustrated, 
117; life-history and habits, 118- 

119. 
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Postclypeal index, California Ami- 
termes, 360. 

Pseudocoecus, collected in Eritrea, in- 
distinguishable taxonomically from 
California specimens of P. citri, 
265. 

Pseudococcus galini, 1, 3. 
gumeyi, 3. 
longispinus, 3. 

Ptcromalus cerealcllae, 312. 

Ehoditos rosae, 431. 

Rimsky-Korsakov, M. N., cited on the 
genus Isosoma, 341. 

Raissetia oleae (Bern.) in Eritrea, 247. 

Scutellista cyanea, 250. 

Severin, Henry H. P., Life-History of 
Beet Leafhopper, Butettix te- 
nellus (Baker) in California, 
37-88; cited, 38, 50, 51 pasaim., 
76, 77 paftsim. 

8ilvestrPs desert termite. Sfifi Ami- 
term.es silvestrianus. 

Sitotroga cerealella, 311, 312, 313, 314. 

Smith, Leslie ^., Macrorileya oecan- 
tiii Ashm. A Hymenopterous Egg 
Parasite of Tree Crickets, 165- 
172. 

Snyder^s desert termite. See Amitermes 
snyderi. 

Stahl, C. F., cited on number of broods 
of beet leafhopper, 38. 

Staphylinidae, 127. 

St ruble, George R., The Biology of 
Certain Coleoptera Associated 
with Bark Beetles in Western 
Yellow Pine, 105-134. 

Studies of Habrocytus cerealellae 
(Ashmead), a Pteromalid Para- 
site of the Angoumois G-rain 
Moth, Sitotroga cerealella (Oli- 
vier), 311-354. 

Studies of the Anatomy and Histology 
of the Reproductive System of 
the Female Codling Moth, Carpo- 
capsa pomonella (Linn.), 135- 
164. 

Sunlight, effect of, on mating of Macro- 
rileya oecanthi Ashm., 166; on 
ovipositing, 167. 

Synhamitermes, 357, 359. 
brevicorniger, 357. 

Snyderi group of Amitermes, 383. 

Temnoehila virescens var. chlorodia, 
106. 

Ashmead, W. H., description of Macro- 
rileya, 165; cited on Catolaccus 
cerealellae, 312. 


Tenebrionidae, 120. 

Termes wheelerif 366. 

Tetracnemus, characters of, 5. 
brounii, 6. 

pretiosus, 5; colonized in Califor- 
nia, 5; compared with Girault^s 
Arhopoides, 6; antenna figured, 
7, 9. 

Tetrastich us injuriosus, 250. 

The African Species of Baeoanusia, 
and Encyrtid Gonus of Hyper- 
parasites (Hymneoptera), 257- 
• 264. 

The Biology of Certain Coleoptera As- 
sociated with Bark Beetles in 
Western Yellow Pine, 105-134. 

The California Species of the Genus 
Amitermes Silvestri (Isoptera), 
173-214. 

The Mexican Species of Amitermes 
Silvestri (Isoptera), 215-232. 

Three New Species of the Hymenop- 
terous Family Encyrtidae from 
New South Wales, 5-18. 

Thysanoptera, 280. 

Timberlakc, P. H., Three New Species 
of the Hymenopterous Family 
Encyrtidae from New South 
Wales, 5-18. 

Tomiens bidens, 120. 

Tooth index, right, of California Ami- 
termes, 360. 

Tortrix viridana, bursa copiilatrix in, 
142; seminal duct, 143; glands, 
152. 

Torymus macroj>terus, 341. ' 

Tree crickets, Macrorileya oecanthi 
Ashm., an Eurytomid parasitic 
on the eggs of, 165. 

Trichogramma minutum, 311. 

Tropidophryne, 269. 
afrlcana, 271. 

Tube building desert termite. See Ami- 
termes tubiformans. 

Tubiformans group. See Gnathami- 
termes. 

Viereck, H. L., cited on Pteromalus 
(Catolaccus) cerealellae, 312. 

Voukassovitch, P., cited on oviposition 
of Habrocytus, 340. 

Walnut culture, brief history, 276 f. 

Wheeler’s desert termite. See Ami- 
termes wheeleri Desneux. 

Xantholinus, 127. 

Xyclidae, habit and distribution, 303. 

Xylocopidae, habit and distribution, 
303. 
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